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(57) In a nucleic acid detecting cassette in which a 
heating treatment chamber and a liquid delivery channel 
are constituted of astationary member and flexible mem- 
bers, the heating treatment chamber is held by convex 
heating sections from both sides, whereby the heat treat- 
ment chamber and the liquid delivery channel are spa- 
tially separated from each other. Thus, it is possible to 
automatically execute a consistent process including nu- 
cleic acid amplification and other required treatments of 
the object sample as well as detection of a target nucleic 
acid. 
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Description 

Technical Field 

[0001] The present invention relates to a nucleic acid 
detecting cassette suitable for automatically executing a 
pre-treatment step and detection of a target nucleic acid 
following the pre-treatment step, and a nucleic acid de- 
tecting apparatus using the nucleic acid detecting cas- 
sette. 

Background Art 

[0002] In the medical field, the recent development of 
genetic engineering has gradually enabled diseases to 
be genetically diagnosed and prevented. Such a diagno- 
sis is called a genetic diagnosis and enables the detection 
of a human genetic defect or change that may cause a 
disease. This allows the disease to be predicted or diag- 
nosed before development of the disease or at a very 
early stage of the disease. Furthermore, many studies 
have been carried out on mapping of human genomes 
and on the relationship between genotypes and plagues, 
gradually realizing a diagnosis in accordance with the 
genotype of each individual (tailor-made treatment). 
[0003] Furthermore, an increasing number of crimes 
called bioterrorism have occurred; bioterrorism involves 
the use of deadly poisons or poison gases. Bioterrorism 
thus poses a threat to society. It is essential to quickly 
identify a substance used in a crime to save life. There- 
fore, it has been very important to easily and quickly de- 
tect genes and determine the genotypes of the genes. 
[0004] A known system for detecting nucleic acids in- 
dividually utilizes a nucleic acid extracting apparatus, a 
nucleic acid amplifying apparatus, a hybridization appa- 
ratus, a nucleic acid detecting apparatus, a data analyz- 
ing apparatus, and the like. The system requires manual 
operations of, for example, preparing samples otherthan 
those provided by these apparatuses and moving sam- 
ples among the apparatuses. 

[0005] In nucleic acid amplification, if an unamplified 
sample is mixed with even a slight amount of a different 
nucleic acid, the nucleic acid may be significantly ampli- 
fied, disadvantageously resulting in a misdetection. It is 
known that nucleic acid molecules are stable even in a 
dry condition and are adsorbed by various substances 
and that some nucleic acids float in the air. Thus, to pre- 
vent misdetections, a strict management regime needs 
to be established; amplified samples must not be brought 
to a place where nucleic acid extraction is to be per- 
formed. 

[0006] In recent years, an apparatus has been devel- 
oped which automatically executes a process from hy- 
bridization reaction to data analysis. An apparatus has 
very recently been developed which automatically exe- 
cutes aprocess from nucleic acid extraction to data anal- 
ysis. 

[0007] However, existing fully automatic nucleic acid 



detecting apparatuses do not take reliable measures 
against the mixture of nucleic acid molecules not to be 
detected. Furthermore, many of the fully automatic nu- 
cleic acid detecting apparatuses are large. These appa- 
s ratuses are thus used for research applications. For ex- 
ample, JP-A H03-007571 (KOKAI) discloses a nucleic 
acid detecting apparatus that performs nucleic acid am- 
plification and then detects a nucleic acid, as a nucleic 
acid detecting apparatus adapted for automatic process- 
io ing (JP-A H03-007571 [KOKAI]). 

[0008] Urgent problems to be solved in orderto devel- 
op a nucleic acid detecting apparatus is the mixture of 
nucleic acid molecules notto be detected and the leakage 
of a nucleic acid sample to the exterior. 
15 [0009] In general, a nucleic acid extracting and ampli- 
fying step uses a technique of heating a solution as a 
sample. Conventional nucleic acid analyzing apparatus- 
es are equipped with valves that switch a delivery path 
for the solution as disclosed in JP-A2005-261298 
20 (KOKAI). In the structure that switches the delivery path 
by the valves, steam generated by a heating treatment 
section flows out to an open channel section. This may 
disadvantageously degrade the reaction controllability of 
the heating treatment. 
25 [0010] Thus, it is possible to close all the valves for 
switchingthe channel, in orderto isolate the heatingtreat- 
ment section. However, since the position subjected to 
the heating treatment is not identical to the position 
closed by the valves, part of the area that is in commu- 
30 nication with the heating treatment section may not be 
heated. As a result, the solution heated by the heating 
section turns into steam, which is diffused and con- 
densed in the non-heating area. The condensation phe- 
nomenon may disadvantageously separate a part of the 
35 solution having reacted to the heating from a part of the 
solution turned into steam when heated and then con- 
densed without reacting. Thus, (1) the concentration of 
the solution having reacted is different from that meas- 
ured at the beginning of the heating, possibly preventing 
•*> effective reaction, Furthermore, (2) since the solution is 
separated into the two portions, when thetreated solution 
is delivered, it may be difficult to move the desired solu- 
tion to a desired position. Moreover, it is possible to heat 
a wider area including the positions of the valves in order 
4S to avoid the above-described problems. However, the 
extended heating area reduces the distance to an adja- 
cent treatment chamber, causing heat to be often trans- 
ferred to an area that is not desired to undergo a tem- 
perature rise. To prevent such heattransfer,the distance 
50 needs to be set at a sufficient value, unfortunately result- 
ing in an increase in the size of the detecting cassette. 
[0011] Furthermore, to allow nucleic acids to react in 
the cassette, a required reagent is pre-placed in the cas- 
sette. However, the amount of the reagent is very small 
55 and holding the reagent at a required position is difficult. 
For example, if the reagent held in the chamber comes 
into contact with an outflow channel extending from the 
chamber, the reagent often flows along the channel and 
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out of the chamber because of capillary action. 
[001 2] Thus, for small-sized cassettes, it has been de- 
sirable to enable the area reacting to heating to be limited 
andtoallowthe required solution movernentto be reliably 
achieved. Furthermore, it has been necessary to reliably 
hold the internal reagent in the small-sized cassette. 

Disclosure of Invention 

[0013] An object of the present invention is to provide 
a compact nucleic acid detecting cassette of channel 
closing type suitable for automatically amplifying a target 
nucleic acid, executing a required pre-treatment of the 
target nucleic acid and detecting the target nucleic acid 
following the pre-treatment, and a nucleic acid detecting 
apparatus using the nucleic acid detecting cassette. 
[0014] The nucleic acid detecting cassette preferably 
offers both the controllability of reaction to a heating treat- 
ment and the reliability of delivery. 
[0015] The nucleic acid detecting cassette preferably 
has a structure in which an internal reagent is reliably 
held at a predetermined position. 
[001 6] According to a first aspect of the present inven- 
tion, there is provided a nucleic acid detecting cassette 
comprising: 

a plate-like member which includes a front surface 
and an opposite surface opposed to the front sur- 
face, is made of a rigid material, and further includes 
a first through-hole (S), a second through-hole (S), 
a first groove (S1 ) formed in the front surface, a first 
groove (S2) formed in thefront surface, and asecond 
groove (S) formed in the opposite surface; 
a first, and second sheet-like members which cover 
the front surface and the opposite surface, respec- 
tively; ■ ■ 

a pump section formed in the plate-like member, for 
supplying air pressure; 

a sample chamber section which is defined when 
the first through-hole is closed by the first and second 
sheet-like members, communicates with the pump 
section, and holds a nucleic acid sample therein; 
a detection section which is formed in the plate-like 
member, communicates with the sample chamber 
section, receives the nucleic acid sample, and de- 
tects a target nucleic acid from the nucleic acid sam- 
ple; 

a return channel for making the detection section 
and the pump section communicate with each other; 
a first channel (1 SI ) defined when the first groove 

(51) is covered with the first sheet-like member; 

a first channel (1S2) defined when the first groove 

(52) is covered with the first sheet-like member; 

a second channel (2S) defined when the second 
groove (S) is covered with the second sheet-like 
member; 

a third channel (3S) defined when the second 
through-hole (S) is covered with the first sheet-like 



memberand the second sheet-like member, wherein 
the pump section, the sample chamber section, and 
the detection section circularly communicate with 
each other, 

s the first channel (1 S1 ) and the second channel (2S) 
are connected to the sample chamber section, 
the third channel (3S) is connected to the second 
channel (2S), 

thefirst channel (1S2) is connected to the thirdchan- 

Jo nel(3S), 

air pressure supplied by the pump section is applied 
to thesamplechambersection through thefirstchan- 
nel (1S1), whereby the nucleic acid sample, held in 
the sample chamber section is discharged through 

15 the second channel (2S), the third channel (3S), and 
the first channel (1S2), and 

the air pressure returns from the detection section 
to the pump section through the circular flow path. 

20 Brief Description of Drawings 

[0017] 

FIG. 1 is a perspective view schematically showing 
25 the configuration of an entire nucleic acid detecting 
cassette in accordance with an embodiment of the 
present invention; 

FIG. 2 is a plan view schematically showing a top 
surface of the nucleic acid detecting cassette shown 
30 in FIG. 1 ; 

FIG. 3 is a plan view schematically showing a bottom 
surface of the nucleic acid detecting cassette shown 
in FIG. l; 

FIG. 4 is a block diagram showing operation sections 
35 provided in a nucleic acid detecting apparatus that 
operates the nucleic acid detecting cassette shown 
in- FIG. 1, together with the nucleic acid detecting 
cassette; 

FIG. 5 is a sectional diagram schematically showing 
■*o a delivery operation of delivering a solution from a 
sample chamber to amplification chambers in the 
nucleic acid detecting cassette shown in FIG. 1 , the 
delivery operation being included in a heater valve 
function; 

45 FIG. 6A is a sectional view schematically showing a 
heating operation of heating the amplification cham- 
ber in the nucleic acid detecting cassette shown in 
FIG. 1, the heating operation being included in a 
heater valve function; 

50 FIG. 6B is a sectional view schematically showing a 
heating operation of heating the amplification cham- 
ber in the nucleic acid detecting cassette shown in 
FIG. 1, the heating operation being included in a 
heater valve function; 

55 FIG. 6C is a sectional view schematically showing a 
heating operation of heating the amplification cham- 
ber in the nucleic acid detecting cassette shown in 
FIG. 1, the heating operation being included in a 
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heater valve function; 
FIG. 7A is a sectional view schematically showing 
an example of a structure which is different from that 
shown in FIGS. 1 to 3 and which distributes a sample 
from the sample chamber to the amplification cham- s 
bers in the nucleic acid detecting cassette shown in 
FIG. 1, together with the distribution operation per- 
formed by the structure; 

FIG. 7B is a sectional view schematically showing 
an example of a structure which is different from that io 
shown in FIGS. 1 to 3 and which distributes a sample 
from the sample chamber to the amplification cham- 
bers in the nucleic acid detecting cassette shown in 
FIG. 1, together with the distribution operation per- 
form ed by th e struct u re ; 15 
FIG. 7C is a sectional view schematically showing 
an example of a structure which is different from that 
shown in FIGS. 1 to 3 and which distributes a sample 
from the sample chambertothe amplification cham- 
bers in the nucleic acid detecting cassette shown in 20 
FIG. 1 , together with the distribution operation per- 
formed by the structure; 

FIG. 8 is a block diagram schematically showing the 
arrangement of channels in the structure shown in 
FIG. 6 in which the sample is divided into three por- 25 
tions; 

FIG. 9A is a sectional view schematically showing 
the operation of a pump section and a pump mech- 
anism that operates the pump section, the pump sec- 
tion and the pump mechanism being provided in the 30 
nucleic acid detecting cassette shown in FIG. 1; 
FIG. 9B is a sectional view schematically showing 
the operation of a pump section and a pump mech- 
anism that operates the pump section, the pump sec- 
tion and the pump mechanism being provided in the 35 
nucleic acid detecting cassette shown in FIG. 1; 
FIG. 1 0 is a diagram schematically showing heating 
of the amplification chambers in the nucleic acid de- 
tecting cassette shown in FIG. 1 ; 
FIG. 1 1 is a diagram schematically showing heating <*o 
of the amplification chambers in Comparative Exam- 
ple 1 for comparison with the nucleic acid detecting 
cassette shown in FIG. 1 ; 

FIG. 12 is a diagram schematically showing heating 
of the amplification chambers in Comparative Exam- 45 
pie 2 for comparison with the nucleic acid detecting 
cassette shown in FIG. 1 ; 

FIG. 13 is a schematic diagram showing the arrange- 
ment of channels to the chambers, the pump, and a 
detection section in the nucleic acid detecting cas- so 
sette shown in FIG. 1; 

FIG. 14 is a block diagram showing a nucleic acid 
detecting apparatus that carries out nucleic acidtest- 
ing in the nucleic acid detecting cassette shown in 
FIG. 1; 55 
FIG. 15 is a flowchart showing a testing process in 
the nucleic acid detecting cassette shown in FIG. 1 
and the nucleic acid detecting apparatus shown in 



FIG. 14; 

FIG. 1 6A is a sectional view schematically showing 
an example in which a supply reagent in a reaction 
chamber part (amplification chamber) in the nucleic 
acid detectingcassetteshownin FIG. 1 is transferred 
to an adjacent chamber; 

FIG. 1 6B is a sectional view schematically showing 
an example in which a supply reagent in a reaction 
chamber part (amplification chamber) in the nucleic 
acid detectingcassetteshownin FIG. 1 is transferred 
to an adjacent chamber; 

FIG. 1 7A is a sectional view schematically showing 
a reagent holding structure that can be provided in 
the reaction chamber in the nucleic acid detecting 
cassette shown in FIG. 1; 

FIG. 17B are a transverse sectional view schemati- 
cally showing a reagent holding structure that can 
be provided in the reaction chamber in the nucleic 
acid detecting cassette shown in FIG. 1 7A; 
FIG. 17C is a sectional view schematically showing 
another reagent holding structure that can be pro- 
vided in the reaction chamber in the nucleic acid de- 
tecting cassette shown in FIG. 1 ; 
FIG. 17D is a transverse sectional view schemati- 
cally showing another reagent holding structure that 
can be provided in the reaction chamber in the nu- 
cleic acid detecting cassette shown in FIG. 17C; 
FIG. 1 7E is a sectional view showing an example of 
reagent holding structure that can be provided in the 
reaction chamber in the nucleic acid detecting cas- 
sette shown in FIGS. 1 7C and 1 7D; 
FIG. 17F is a sectional view showing another exam- 
ple of reagent holding structure that can be provided 
in the reaction chamber in the nucleic acid detecting 
cassette shown in FIGS. 17C and 17D; 
FIG. 1 7G is a sectional view schematically showing 
yet anotherreagent holding structure that can be pro- 
vided in the reaction chamber in the nucleic acid de- 
tecting cassette shown in FIG. 1; 
FIG. 17Hisatransversesectionalview, respectively, 
schematically showing yet another reagent holding 
structure that can be provided in the reaction cham- 
ber in the nucleic acid detecting cassette shown in 
FIG. 17G; 

FIG. 1 71 is a sectional view showing yet another ex- 
ample of reagent holding structures that can be pro- 
vided in the reaction chamber in the nucleic acid de- 
tecting cassette shown in FIG. 1; 
FIG. 1 7J is a sectional view showing yet further ex- 
ample of reagent holding structures that can be pro- 
vided in the reaction chamber in the nucleic acid de- 
tecting cassette shown in FIG. 1; 
FIG. 1 8 is a sectional view showing still another re- 
agent holding structure that can be provided in the 
reaction chamber in the nucleic acid detecting cas- 
sette shown in FIG. 1 ; 

FIG. 1 9A is a sectional view schematically showing 
how the liquid level in the sample holding structure 
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shown in FIGS. 17A to 17C varies when a solution 
flows into the structure; 

FIG. 19B is a sectional view schematically showing 
how the liquid level in the sample holding structure 
shown in FIGS. 17A to 17C varies when a solution s 
flows into the structure; 

FIG. 1 9C is a sectional views schematically showing 
how the liquid level in the sample holding structure 
shown in FIGS. 1 7A to 1 7C varies when a solution 
flows into the structure; 10 
FIG. 20A is a sectional view showing f u rther another 
reagent holding structure that can be provided in the 
reaction chamber in the nucleic acid detecting cas- 
. sette shown in FIG. 1; 
FIG. 20B is a sectional view showing a part of the 15 
structure shown in FIG. 20A; 
FIG. 20C is sectional views showing a modification 
of a part of the structure shown in FIG. 20A; 
FIG. 21 A is a functional block diagram of a nucleic 
acid detecting cassette of a first configuration for ex- 20 
ecuting nucleic acid testing; 
FIG. 21 B is a schematic sectional view showing a 
sample chamber section of the nucleic acid detecting 
cassette shown in FIG. 21 A, and the periphery there- 
of; 25 
FIG. 22A is a functional block diagram of a nucleic 
acid detecting cassette of a second configuration for 
executing nucleic acid testing; 
FIG: 22B is a functional block diagram of a nucleic 
acid detecting cassette of a second configuration for so 
executing nucleic acid testing; 
FIG. 22C is a schematic sectional view showing a 
wash solution chamber section of the nucleic acid 
detecting cassette shown in FIG. 22A, and the pe- 
riphery thereof; 35 
FIG. 22D is a schematic sectional view showing a 
wash solution chamber section of the nucleic acid 
detecting cassette shown in FIG. 22B, and the pe- 
riphery thereof; 

FIG. 23A is a functional block diagram of a nucleic to 
acid detecting cassette of a third configuration for 
executing nucleic acid testing; 
FIG. 23B is a schematic sectional view showing a 
waste liquid chamber section of the nucleic acid de- 
tecting cassette shown in FIG. 23A, and the periph- 45 
ery thereof; 

FIG. 24A is a functional block diagram of a nucleic 
acid detecting cassette'of a fourth configuration for 
executing nucleic acid testing; 
FIG. 24B is a schematic sectional view showing an so 
intercalating agent chamber section of the nucleic 
acid detecting cassette shown in FIG. 24A, and the 
periphery thereof; 

FIG. 25A is a functional block diagram of a nucleic 
acid detecting cassette of a fifth configuration for ex- ss 
ecuting nucleic acid testing; 
FIG. 25B is a schematic sectional view showing a 
sample chambersection, and an amplification cham- 



ber section of the nucleic acid detecting cassette 
shown in FIG. 25A, and their periphery; 
FIG. 25C is a sectional view of the amplification 
chamber section taken in a direction different from 
that in FIG. 25B; 

FIG. 26A is a functional block diagram of a nucleic 
acid detecting cassette of a sixth configuration for 
executing nucleic acid testing; 
FIG. 26B is a schematic sectional view showing a 
sample holding chamber section of the nucleic acid 
detecting cassette shown in FIG. 26A, and the pe- 
riphery thereof; 

FIG. 26C is a schematic sectional view of the sample 
holding chamber section (M) taken in a direction dif- 
ferent from that of FIG. 26B; 
FIG. 27A is a functional block diagram showing a 
modification example of the nucleic acid detecting 
cassette of the sixth configuration for executing nu- 
cleic acid testing; 

FIG. 27B is a functional block diagram showing a 
modification example of the nucleic acid detecting 
cassette shown in FIG. 27 A; 
FIG. 28 is a functional block diagram showing still 
anothermodification example of the nucleic acid de- 
tecting cassette shown in FIG. 27B; 
FIG. 29 is a functional block diagram showing still 
anothermodification example of the nucleic acid de- 
tecting cassette shown in FIG. 28; 
FIG. 30 is a schematic sectional view showing a de- 
tection section of a nucleic acid detecting cassette 
for executing nucleic acid testing; 
FIG. 31 is a view for explaining an effect obtained 
when across-sectional area of a channel of the wash 
solution chambersection is increased in FIG. 22C; 
FIG. 32 is a view for explaining an effect obtained 
when a cross-sectional area of a channel of the in- 
tercalating agent chamber section is increased in 
FIG. 24B; 

FIG. 33 is a view for explaining an effect obtained 
when a cross-sectional area a channel of the sample 
holding chambersection is increased in FIG. 26B; 
FIG. 34 is a view for explaining an effect obtained 
when an innersurf ace of the channel is subjected to 
hydrophobic finishing in each of FIGS. 22C, 24B, 
and 26B; 

FIG. 35A is a view for explaining an effect obtained 
when an inner surface of the channel of the sample 
chambersection is subjected to hydrophobic finish- 
ing in FIG. 21 B; 

FIG. 35B is a view for explaining an effect obtained 
when an inner surface of the channel of the amplifi- 
cation chamber section is subjected to hydrophobic 
finishing in FIG. 25B; 

FIG. 36A is a view for explaining an effect obtained 
when an inner surface of the channel of the amplifi- 
cation chamber section is subjected to hydrophobic 
finishing in FIG. 25C; and 

FIG. 36B is a view for explaining an effect obtained 
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when an inner surface of the channel of the sample 
holding chambersection is subjected to hydrophobic 
finishing in FIG. 26B. 

Best Mode for Carrying Out the Invention 

[001 8] Referring to the drawings as required, descrip- 
tion will be given of a nucleic acid detecting cassette and 
a nucleic acid detecting apparatus in accordance with 
embodiments of the present invention. 
[0019] FIG. 1 is an exploded perspective view sche- 
matically showing a nucleic acid detecting cassette 1 00 
in accordance with a first embodiment of the present in- 
vention. 

[0020] The nucleic acid detecting cassette 100 is a 
closed channel cassette comprising a cassette main 
body 1 provided with sheet-like members 2 and 3. The 
cassette main body 1 is constituted of a rigid plate-like 
member and has grooves and recesses formed in a front 
surface and in an opposite surface; the recesses com- 
municate with the grooves. The cassette main body 1 
further has through-holes penetrating the main body 1 
from the front surface (top surface) to the opposite sur- 
face (bottom surface). The cassette main body 1 has 
chambersformedinthethrough-holessurroundedbythe 
cassette main body 1 and the sheet-like members 2 and 
3. The cassette main body 1 has channels formed be- 
tween both the sheet-like members 2 and 3 and the cas- 
sette main body 1 at the groove parts, the recess parts 
and the through-hole parts. The sheet-like members 2 
and 3, at least a part or parts of which is made of flexible 
members, are stuck to the front surface and the opposite 
surface of the cassette main body 1 , respectively. The 
grooves, recesses, and through-holes, formed in thef rant 
surface and opposite surface of the cassette main body 
1 , define the channels. I n the description below, the chan- 
nels defined by the grooves or recesses on the top sur- 
face side are referred to as top surface side channels. 
The channels defined by the grooves or recesses on the 
bottom surface side are referred to as bottom surface 
side channels. 

[0021] The cassette main body 1 is made of a polymer 
material such as polycarbonate, polypropylene, POM, 
PMMA, polylactic acid-containing plastic, PET, PEEK, 
PTFE, PFE, or PPS which has a relatively low heat con- 
ductivity so as to prevent heat from being transferred 
among chambers. The sheet-like member 2 is preferably 
made of silicon rubber, polypropylene rubber, urethane 
rubber, elastomer, or the like which has a relatively high 
heat conductivity so as to transfer heat from a heater to 
the interior of the chambers. Even if the high-heat-con- 
ductivity material is not selected for the flexible sheet, a 
reduction in film thickness allows the flexible sheet to 
exert similar effects. Or heat-conducting materials can 
be contained in the flexible sheet, especially at the cham- 
ber parts. The grooves, the recesses and the through- 
holes may be made by cutting the plate-like material or 
by injection molding or pressing during molding. 



(First Configuration) 

[0022] FIG. 21 A is afunctional block diagram of a nu- 
cleic acid detecting cassette of a first configuration, and 

s FIG. 21 B is aschematicsectional view showing a sample 
chamber section (S) of the nucleic acid detecting cas- 
sette of a first configuration, and the periphery thereof. 
FIG. 30 is a schematicsectional view showing a detection 
section (D) of the nucleic acid detecting cassette of the 

10 first configuration, and the periphery thereof. 

[0023] Asshownin FIG.21A,thenucleicaciddetecting 
cassette of the first configuration includes a pump section 
(P)forsupplying air pressure, a sample chambersection 
(S) for holding a nucleic acid sample, and a detection 

15 section (D) for detecting a target nucleic acid from the 
nucleic acid sample, which are provided on the same 
cassette main body. The pump section (P), sample 
chambersection (S), and detection section (D) circularly 
communicate with each other through a channel. When 

20 detection is performed, first, a nucleic acid sample is put 
into the sample chamber section (S) from an input hole 
provided in the sample chamber section (S). In the sam- 
ple chamber, reagents for sample pretreatment such as 
nucleic acid extraction and nucleic acid amplification are 

25 prepared in advance if necessary, and the nucleic acid 
sample put into the sample chambersection (S) may be 
automatically subjected to the pretreatment in the sample 
chamber section (S). 

[0024] Then, gaseous pressure is supplied from the 
30 pump section (?) to the sample chamber section (S) 
through the channel, whereby the n ucleic acid sample in 
the sample chamber section (S) is discharged to the 
channel. 

[0025] The discharged nucleic acid sample is supplied 
35 to the detection section (D) through the channel. The 
detection section (D) is provided with, for example, a de- 
vice for detecting a target nucleic acid in a sample such 
as a DNA chip in which a nucleic acid probe is fixed to a 
substrate. 

40 [0026] When the detection section is provided with a 
DNA chip, by further setting the nucleic acid sample and 
the DNA chip under hybridization conditions, the nucleic 
acid sample and the nucleic acid probe induce a hybrid- 
ization reaction. 

45 [0027] Then, by supplying air pressure from the pump 
section (P) to the detection section (D) through the chan- 
nel, the nucleic acid sample turned into a waste liquid is 
discharged from the detection section (D). 
[0028] Then, the hybridization between the nucleic ac- 

so id sample and the nucleic acid probe is detected in the 
detection section (D) by a known method (a fluorescence 
detection method, an electrochemical detection method 
using an intercalating agent, and the like), whereby the 
presence of the target nucleic acid in the nucleic acid 

55 sample is detected. 

[0029] The waste liquid and the air pressure supplied 
from the pump section (P) finally return from the detection 
section (D) in the direction to the pump section (P). 
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[0030] FIG. 2 1 B shows a schematic sectional structure 
of the periphery of a sample chamber section (S) of the 
nucleic acid detecting cassette of the first configuration. 
[0031] A plate-like member 211 having a front surface 
and an opposite surface is provided with a first through- 
hole (S) 21 2, a second through-hole (S) 2 1 3, first grooves 
(S1) 214 and (S2) 215 which are formed in the front sur- 
face, and a second groove (S) 21 6 formed in the opposite 
surface. 

[0032] The front surface and the opposite surface of 
the plate-like member are covered with a first sheet-like 
member 217 and a second sheet-like member 218, re- 
spectively. At least regions 21 9 and 220 of the first and 
second sheet-like members 217 and 218 covering the 
through-hole (S)212 consist of a flexible material. All the 
region of the first sheet-like member 21 7 and the second 
sheet-like member 21 8 may be composed of a flexible 
material. . 

[0033] The sample chamber section (S) is defined 
when the first through-hole (S) 21 2 is closed with the first 
and second sheet-like members 21 7 and 21 8. When the 
first groove (S1) 21 4 on the front surface side is covered 
with thefirst sheet-like member217, afirstchannel(1S1) 
which is a top surface side channel is defined. When the 
first groove (S2) 21 5 on the front surface side is covered 
with the first sheet-like member21 7, a first channel (1S2) 
which is a top surface side channel is defined. When the 
second groove (S) 216 on the opposite surface side is 
covered with the second sheet-like member 21 8, a sec- 
ond channel (2S) which is a bottom surface side channel 
is defined. Further, when the second through-hole (S) 
213 is covered with the first sheet-like member 217 and 
the second 'Sheet-like member 21 8, a third channel (3S) 
which is a through channel is defined. 
[0034] The first channel (1S1) and the second channel 
(2S) are connected to the sample chamber section (S). 
The third channel (3S) is connected to the second chan- 
nel (2S). The first channel (1 S2) is connected to the third 
channel (3S). Further, the first channel (1S1) communi- 
cates with the pump section (P). The first channel (1 S2) 
communicates with the detection section (D). 
[0035] When a force applied from outside presses a 
region 219 of the first sheet-like member 217 covering 
thefirst through-hole (S) 212 againstthe opening section 
on the front surface side of the through-hole (S) 212 of 
the sample chamber section (S), the first channel (1S1) 
is closed. Further, by removing the pressingforce applied 
from outside, the first channel (1S1) is opened. 
[0036] Further, when a force applied from outside 
presses a region 220 of the second sheet-like member 
218 covering the. first through-hole (S) 212 against the 
opening section on the opposite surface side of the first 
through-hole (S) 21 2 of the sample chamber section (S), 
the second channel (2S) is closed. Further, by removing 
the pressing force applied from outside, the second chan- 
nel (2S) is opened. 

[0037] By adjusting the timing at which the pressing 
force is applied to the first and second sheet-like mem- 



bers 21 7 and 21 8 from outside, and the timing at which 
theairpressure is applied from the pump section (P), the 
behavior of the nucleic acid sample can be controlled. 
[0038] Further, by using an exothermic body as a 

s pressing member used when pressing force is applied 
from outside for temperature control of the nucleic acid 
sample, it is also possible to subject the reagent and the 
nucleic acid sample in the sample chamber section (S) 
to heat treatment. By applying pressure to the cassette 

10 from above and below the cassette by using the exother- 
mic body, it is possible to isolate the part to be subjected 
to heat treatment, prevent vaporfrom unexpectedly flow- 
ing out, and improve the reaction controllability by the 
heat treatment. 

15 [0039] Movement of the nucleic acid sample is per- 
formed in the following manner. 

[0040] A nucleic acid sample is put into the sample 
chamber section (S) from an input hole provided in the 
sample chamber section (S). At this time, pressing force 
20 is applied to the second sheet-like member 21.8 from out- 
side, and hence the member 21 8 is pressed against the 
sample chamber (S), whereby the second channel (2S) 
is closed. After the nucleic acid sample is put into the 
sample chamber (S), the input hole is sealed. After the 
25 sealing, pressing force is further applied to the sample 
chamber (S); the first sheet-like member217is pressed 
against the sample chamber section (S), thereby closing 
the first channel (1S1 ). At this time, an exothermic body 
may be used as a pressing memberfor applying pressure 
30 to the first and second sheet-like members, to thereby 
heat the sample chamber (S) from above and below. The 
procedure of pressing and healing the chamber may be 
skipped, depending upon the situation. 
[0041] Subsequently, by removing the pressing force 
35 pressing the first and second sheet-like members 217 
and 21 8, the first channel (1 SI) and the second channel 
(2S) are opened. By applying the gaseous pressure sup- 
plied from the pump section (P) to the first channel (1 S1 ), 
the nucleic acidsample is discharged through the second 
•*o channel (2S), the third channel (3S), and the first channel 
(1 S2). The discharged nucleic acid sample is supplied 
to the detection section (D). 

[0042] FIG. 30 shows a schematic sectional view of 
the periphery of a detection section (D) of a nucleic acid 
45 detectingcassette.Athrough-hole 300 havingan uneven 
part on an innersurface part thereof is provided in aplate- 
. . like member 211. Further, a first groove (D1) 302, and a 
first groove (D2) 303 are provided on the front surface 
side-. 

so [0043] The front surface of the plate-like member is 
covered with a first sheet-like member 21 7. A DNA chip 
301 is fitted in the uneven part formed on the inner side 
surface part of the through-hole 300 of the detection sec- 
tion (D) so as to allow the chip 301 to close the through- 
55 hole 300. The DNA chip 301 is provided with a substrate 
to which a nucleic acid probe is fixed. The DNA chip may 
have a structure in which a metallic electrode made of, 
for example, Au is arranged on a substrate, and a nucleic 
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acid probe is fixed thereon. Further, in orderthat a probe 
fixing surface of the DNA chip 301 can be exposed to the 
reagents such as the nucleic acid sample, wash solution, 
intercalating agent solution, and the like, a channel 304 
having an inlet port and an outlet port on the probe fixing 
side is formed. In order to form the channel 304, a mem- 
ber 305 in which a groove is formed in the surface is 
provided on the surface of the DNA chip 301 . Further, in 
order to control the temperature on the DNA chip 301 , a 
surface of the DNA chip 301 opposite to the probe fixing 
surface is opened and exposed to the outside. The DNA 
chip has a structure in which temperature control can be 
performed from outside by using a heating means or the 
like. Incidentally, in this example, although the DNA chip 
301 is set in the through-hole of the plate-like member 
211, a recess section may be formed in the plate-like 
member, and the DNA chip may be set in the recess 
section. 

[0044] Further, the f irst groove (D1 ) 302 is covered with 
the first sheet-like member 21 7, whereby a first channel 
(1 D1 ) which is a top surface side channel is defined. The 
first groove (D2) 303 is covered with the first sheet-like 
member 217, whereby a first channel (1D2) which is a 
top surface side channel is defined. The first channel 
(1 D1 ) is connected to an inlet port of a channel 304. Fur- 
ther, an outlet port of the channel 303 is connected to 
the first channel (1 D2). 

[0045] By applying the air pressure fromthe pumpsec- 
tion (P), the nucleic acid sample solution or the reagent 
such as the wash solution, or the intercalating agent so- 
lution to be described later is supplied from the inlet port 
of the channel 304 through the first channel (1 D1 ), fills 
the channel 304 on the DNA chip, performs various re- 
actions, and is thereafter discharged through the first 
channel (1D2). As described above, in the nucleic acid 
detecting cassette of the first configuration, after the nu- 
cleic acid sample is put into it, a closed return channel 
can be formed, and hence it is possible to prevent nucleic 
acid molecules which are not the object to be detected 
from being mixed, or prevent the nucleic acid sample 
from leaking outto the outside. Further, it is also possible 
to hold or move a liquid such as the nucleic acid sample, 
and the like with good controllability. 

(Second Configuration) 

[0046] FIGS. 22A and 22B are functional block dia- 
grams of nucleic acid detecting cassettes of a second 
configuration, and FIGS. 22C and 22D are schematic 
sectional views of nucleic acid detecting cassettes of the 
second configuration, and their peripheries. 
[0047] As shown in FIG.22A,the nucleic acid detecting 
cassette of the second configuration basically differs from 
that of the first configuration in further including a wash 
solution chamber section (B) in the cassette main body. 
In the wash solution chambersection (B), a wash solution 
for washing out the extra sample solution which is not 
contributed to a hybridization reaction between the nu- 



cleic acid sample and the nucleic acid probe. Due to the 
addition of the wash solution chamber section (B), the 
cassette includes a channel branched from the channel 
between the pump section (P) and the sample chamber 

s section (S), the wash solution chamber section (B) con- 
nected to this channel, and a channel connected to the 
wash solution chamber section (B), and joining a channel 
between the sample chamber section (S) and the detec- 
tion section (D). Further, the cassette includes a valve 

io section (S) for switching between opening and closing of 
a part between the pump section (P) and the sample 
chambersection (S), and a valve section (B) for switching 
between opening and closing of a part between the pump 
section (P) and the wash solution chambersection (B). 

15 [0048] The nucleic acid detecting cassette shown in 
FIG. 22B differs from the cassette having the configura- 
tion shown in Fl G. 22A in the positions of the valve section 
(S) and the valve section (B). In the configuration shown 
in FIG. 22B, a valve section (S') for switching between 

20 opening and closing of a part between the sample cham- 
ber section (S) and the detection section (D), and a valve 
section (B') for switching between opening and closing 
of a part between the wash solution chamber section (B) 
and the detection section (D) are provided. Hereinafter, 

25 the "valve section (S)" implies the "valve section (S)" or 
the "valve section (S')", and the "valve section (B)" implies 
the "valve section (B)" or the "valve section (B')". 
[0049] The pump section (P).thesamplechambersec- 
tion (S) or the wash solution chamber section (B), and 

30 the detection section (D) communicate with each other 
in a circular form by the channels. 
[0050] When detection is performed, the nucleic acid 
sample is supplied from the sample chamber section (S) 
to the detection section (D) through the same procedure 

35 as the first configuration, and the nucleic acid sample 
and the nucleic acid probe cause the hybridization reac- 
tion. Then, the air pressure is supplied from the pump 
section (P) to the detection section (D) through the chan- 
nels, whereby the nucleic acid sample is discharged from 

40 the detection section (D). At this time, the valve section 
(S) is in an opened state, and the valve section (B) is in 
a closed state. 

[0051] Then, the wash solution is supplied from the 
wash solution chamber section (B) to the detection sec- 

45 tion (D), thereby washing out unspecifically bound nucle- 
ic acid sample from the nucleic acid probes on the DNA 
chip. At this time, the valve section (S) is in a closed state, 
and the valve section (B) is in an opened state. Further, 
the air pressure is supplied to the wash solution chamber 

so section (B) from the pump section (P) through the chan- 
nels. Here, although after the nucleic acid sample is dis- 
charged from the detection section (D), the valve section 
is switched from the valve section (S) to the valve section 
(B), and then the wash solution is supplied to the detec- 

55 tion section (D), afterthe hybridization reaction, the valve 
section (B) may be opened, and the wash solution may 
be supplied to the detection section (D), thereby dis- 
charging the nucleic acid sample at the same time. 
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[0052] Then, the hybridization is detected by the de- 
tection section (D) by the known method, whereby pres- 
ence of the target nucleic acid in the nucleic acid sample 
is detected in a same manner as that in the first config- 
uration. 

[0053] The nucleic acid sample discharged from the 
detection section (D), the wash solution, and the air pres- 
sure supplied from the pump section (P) are finally re- 
turned from the detection section (D) in the direction to 
the pump section (P). 

[0054] Each of FIGS. 22C and 22D shows a schematic 
sectional structure of the periphery of the wash solution 
chamber section (B) of the nucleic acid detecting cas- 
sette of the second configuration. FIGS. 22C and 22D 
are of the same structure except for a part, and hence 
the same parts are denoted by the same reference sym- 
bols. Incidentally, in each of FIGS. 22C and 22D, the 
structures of the sample chamber section and the vicinity 
thereof may be identical with those of the first configura- 
tion. The same parts as those of the first configuration 
are denoted by the same reference symbols as the first 
configuration. 

[0055] The plate-like member 21 1 is provided with a 
firstthrough-hole (B) 221 , a second through-hole (B) 222, 
a first groove (B1) 223 on the front surface side, a first 
groove (B2) 224 on the front surface side, and a second 
groove (B) 225 on the opposite surface side. 
[0056] The wash solution chamber section (B) is de- 
fined when the firstthrough-hole (B) 221 is closed by the 
first and second sheet-like members 21 7 and 21 8. When 
the first groove (B1 ) 223 on the front surface side is cov- 
ered with the first sheet-like member 21 7, a first channel 
(1B1). which is a top surface side channel is defined. 
When the first groove (B2) 224 on the front surface side 
is covered with the first sheet-like member 217, a first 
channel (1 B2) which is a top surface side channel is de- 
fined. When the second groove (B) 225 on the opposite 
surface side is covered with the second sheet-like mem- 
ber 21 8, a second channel (2B) which is a bottom surface 
side channel is defined. Further, when the second 
through-hole (B) 222 is covered with the first sheet-like 
member 21 7 and the second sheet-like member 21 8, a 
third channel (3B) which is a through-hole channel is de- 
fined. As shown in FIG. 22C, the cross-sectional area of 
the third channel (3B) may be uniform in the channel 
direction, or may become larger on the way on the front 
surfaceside. As shown in FIG. 22D,thechannel structure 
is made such that the cross-sectional area becomes larg- 
er on the front surface side, whereby it is possible to 
prevent such an unexpected phenomenon that the wash 
solution held in the chamber flows out of the chamber by 
a capillary phenomenon from occurring. The wash solu- 
tion chamber section (B) is not necessarily constituted 
of a through-hole of the plate-like member21 1 . The wash 
solution chamber section (B) may be defined when a re- 
cess section of the plate-like member 21 1 on the front 
surface side is covered with the first sheet-like member 
217, or may be defined when a recess section of the 



plate-like member 211 on the opposite surface side is 
covered with the second sheet-like member 218. 
[0057] The first channel (1 B1 ) and the second channel 
(2B) are connected to the wash solution chamber section 
s (B). The third channel (3B) is connected to the second 
channel (2B). The first channel (1 B2) is connected to the 
third channel (3B). Further, the first channel (1 B1 ) com- 
municates with the pump section (P). The first channel 
(1 B2) communicates with the detection section (D). 
10 [0058] A valve section (B) for switching between open- 
ing and closing of the channel is provided at an interme- 
diate part of the first channel (1 B1). A region of the first 
sheet-like member 217 covering at least a part (corre- 
sponding to a valve section (B)) of the first channel (1B1) 
15 is formed of a flexible material. Closing of the valve sec- 
tion (B) is performed by applying pressing force to the 
sheet-like member 217 covering the first channel (1B1) 
from outside to thereby press the first sheet-like member 
217 against the first groove (B1) 223. Further, opening 
of the valve section (B) is performed by removing the 
pressing force. 

[0059] Valve sections (S), (S'), and (B') may have the 
same configuration as above. 

[0060] Movement of the wash solution is performed in 
the following manner. 

[0061] The wash solution is held in advance in the 
wash solution chamber section (B). At this time, the valve 
section (B) is either in an open state or in a closed state. 
[0062] Then, the valve section (S) is closed and the 
valve section (B) is opened. The air pressure from the 
pump section (P) is applied to the wash solution chamber 
section (B) through the first channel (1B1). The wash 
solution is discharged through the second channel (2B), 
the third channel (3B), and the first channel (1B2), and 
is supplied to the detection section (D). 
[0063] By adjusting the timing at which the air pressu re 
is supplied from the pump section (P) and the opening/ 
closing timings of the valve sections (S) and (B) as de- 
scribed above, the wash solution supply timing can be 
controlled. 

[0064] Incidentally, at least the part of each of the first 
and second sheet-like members 217 and 218 covering 
the first through-hole (B)221 can be formed of a flexible 
material, pressing force is applied from outside to the first 
sheet-like member 217, and the first sheet-like member 
217 can be pressed against the opening section of the 
firstthrough-hole (B) 221 onthefrontsurfaceside, where- 
by the first channel (1B1) can be closed. Further, by re- 
moving the pressingforce, the first channel (1B1 ) can be 
opened. Further, pressing force is applied from outside 
to the second sheet-like member 218, and the second 
sheet-like member 218 is pressed against the opening 
section of the firstthrough-hole (B) 221 on the opposite 
surface side, whereby the second channel (2B) can be 
closed. Further, by removing the pressing force, the sec- 
ond channel (2B) can be opened. 
[0065] By combining the control of opening/closing of 
the channel utilizing the external pressing force de- 
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scribed above with the control of the pump section and 
the valve sections, it becomes possible to prevent the 
liquid from flowing out to an unexpected channel. 
[0066] Further, by using an exothermic body as the 
pressurizing member when the pressing force is applied s 
from outside, it is possible to subject the wash solution 
in the wash solution chamber to heat treatment. By ap- 
plying pressure to the cassette from above and below 
the cassette using the exothermic body, it is possible to 
isolate the part to be subjected to heat treatment, prevent 
vapor from unexpectedly flowing out, and improve the 
reaction controllability. 

[0067] Inthecassetteofthesecondconfiguration, after 
the nucleic acid sample is put into it, a closed return chan- 
nel can be formed, and hence it is possible to prevent 
nucleic acid molecules which are not the object to be 
detected from being mixed, or prevent the nucleic acid 
sample from leaking out to the outside. Further, it is also 
possible to hold or move different types of liquids such 
as the nucleic acid sample, wash solution, and the like 
with good controllability according to the purposes of the 
types of the liquids. 

[0068] FIG. 22A and FIG. 22B show functional block 
diagrams in which the valve section (S) or the valve sec- 
tion (S') is arranged in the channel connected to the sam- 
ple chamber section (S). In this arrangement, when the 
pressing force is applied at the sample chamber (S), it is 
possible to closethe first channel (1 S 1 ) as the top surface 
side channel and the second channel (2S) as the bottom 
surface side channel. That is, the sample chamber sec- 
tion (S) has a valve function of the valve which acts as a 
valve in itself. Thus, there is not necessary to provide the 
additional valve section (S) or the valve section (S') In 
the cassette. 

(Third Configuration) 

[0069] FIG. 23A is a functional block diagram of a nu- 
cleic acid detecting cassette of a third configuration, and 
FIG. 23B is a schematic sectional view showing a waste 
liquid chamber section of the nucleic acid detecting cas- 
sette shown in FIG. 23A, and the periphery thereof. 
[0070] As shown in FIGS. 23A and 23B, the nucleic 
acid detecting cassette of the third configuration basically 
differs from that of the second configuration in respect to 
further provide a waste liquid chamber section (W) in the 
cassette main body. The waste liquid chamber section 
(W) receives a waste liquid such as the nucleic acid sam- 
ple and the like discharged from the detection section 
(D), and holds the waste liquid. The waste liquid chamber 
section (W) is provided between the detection section 
(D) and the pump section (P) through channels. The 
waste liquid chamber section (W), the detection section 
(D), the sample chamber section (S) orthewash solution 
chamber section (B), and the pump section (P) commu- 
nicate with each other in a circularf orm through the chan- 
nels. Further, a valve section (S) for switching between 
opening and closing of a part between the pump section 



(P) and the sample chamber section (S), and a valve 
section (B) for switching between opening and closing of 
a part between the pump section (P) and the wash solu- 
tion chamber section (B) are provided in the cassette. 
[0071] The method of detection may have the same 
procedure as the second configuration. 
[0072] The waste liquid such as the nucleic acid sam- 
ple and the wash solution discharged from the detection 
section (D) in the direction to the pump section (P) flows 
into the waste liquid chamber section (W), and is held 
therein. The air pressure supplied from the pump section 
(P) returns in the direction to the pump section (P). 
[0073] FIG. 23Bshowsaschematicsectionalstructure 
of the periphery of the waste liquid chamber section (W) 
of the nucleic acid detecting cassette of the third config- 
uration. Incidentally, the structures of the parts otherthan 
the waste liquid chamber section (W), and their periph- 
eries may be identical with the first and second configu- 
rations. The same parts as those of the first and second 
configurations are denoted by the same reference sym- 
bols as the first and second configurations. 
[0074] The plate-like member 21 1 is provided with a 
first through-hole (W) 231 . Further, a first groove (W1) 
232 is formed on the front surface side of the plate-like 
member 21 1 , and a first groove (W2) 233 is formed on 
the front surface side thereof. 
[0075] The waste liquid chambersection (W) is defined 
when the first through-hole (W1 ) 231 is closed by a first 
sheet-like member 21 7 and a second sheet-like member 
218. Further, when the first groove (W1) 232 is covered 
with the first sheet-like member, a first channel (1W1) 
which is a top surface side channel is defined. When the 
first groove (W2) 233 on the front surface side is covered 
withthefirstsheet-likemember217, a first channel (1 W2) 
which is atop surface side channel is defined. The waste 
liquid chamber section (W) is not necessari ly constituted 
of the through-hole of the plate-like member 21 1 . The 
waste liquid chamber section (W) may be defined when 
a recess section of the plate-like member21 1 onthefront 
surface side is covered with the first sheet-like member 
217, or may be defined when a recess section of the 
plate-like member 211 on the opposite surface side is 
covered with the second sheet-like member 218. 
[0076] The first channel (1W1) and the first channel 
(1W2) are connected to the waste liquid chambersection 
(W). 

[0077] Movement of the waste liquid is performed in 
the following manner. 

[0078] The waste liquid flows into the waste liquid 
chamber section (W) from the detection section (D) by 
the airpressure supplied by the pump section (P) through 
the first channel (1W1). Although the waste liquid is held 
in the waste liquid chambersection (W), the airpressure 
is discharged from the waste liquid chamber section (W) 
in the direction to the pump section through the first chan- 
nel (1W2). 

[0079] In the cassette of the third configuration, after 
the nucleic acid sample is put into it, a closed return chan- 
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nel can be formed, and hence it is possible to prevent 
nucleic acid molecules which are not the object to be 
detected from being mixed, or prevent the nucleic acid 
sample from leaking out to the outside. Further, it is also 
possible to hold or move the nucleic acid sample, wash 
solution, andthe waste liquid with good controllability ac- 
cording to the purposes of the types of the liquids. Fur- 
ther, channels for inflow and outflow of the liquid are 
formed above the waste liquid chamber section (W), and 
hence it is possible to separate the liquid and the gaseous 
body from each other, hold only the liquid in the chamber, 
and discharge only the gaseous body from the chamber 
through the channel. 

[0080] In this configuration, although the configuration 
in which the waste liquid chamber is provided in the sec- 
ond configuration has been described, the waste liquid 
chamber of this configuration may be provided in thefirst 
configuration or other configurations. 
[0081] FIG. 23A shows functional block diagrams in 
which the valve section (S) is arranged in the channel 
connected to the sample chamber section (S). In this 
arrangement, when the pressing force is applied at the 
sample chamber (S), it is possible to close the first chan- 
nel (1S1) as the top surface side channel andthe second 
channel (2S) as the bottom surface side channel. That 
is, the sample chamber section (S) has a valve function 
of the valve which acts as a valve in itself. Thus, it is not 
necessary to further provide the valve section (S) in the 
cassette. , 

(Fourth Configuration) • 

[0082] FIG. 24A is a functional block diagram of a nu- 
cleic acid detecting cassette of a fourth configuration, 
and FIG. 24B is a schematic sectional view showing an 
intercalating agent chamber section (l)ofthe nucleic acid 
detecting cassette of the fourth configuration, and the 
periphery thereof. 

[0083] As shown in FIG . 24A, the nucleic acid detecting 
cassette of the fourth configuration basically differs from 
that of the third configuration in further including the in- 
tercalating agent chamber section ( I) in the cassette main 
body. 

[0084] In the intercalating agent chamber section (I), 
an intercalating agent solution is held. The intercalating 
agent solution is used when hybridization between the 
nucleic acid sample and the nucleic acid probe on the 
DNA chip of the detection section (D) is detected by an 
electrochemichal detection method. The intercalating 
agent has a property of specifically combining with a dou- 
ble stranded nucleic acid, and is a substance that causes 
an electrochemical oxidation-reduction reaction. In the 
electrochemical detection method, afterthe hybridization 
reaction between the nucleic acid sample andthe nucleic 
acid probe, the intercalating agent solution is supplied. 
By detecting an electrochemical signal from the interca- 
lating agent combined with the double stranded nucleic 
acid, presence of a target nucleic acid can be detected. 



[0085] Owing to the addition of the intercalating agent 
chamber section (I), the cassette includes a channel 
branched from a channel between the pump section (P) 
and the sample chamber section (S), the intercalating 

s agent chamber section (I) connectedto this channel, and 
a channel connected to the intercalating agent chamber 
section (I), and joining a channel between the sample 
chamber section (S) andthe detection section (D). Fur- 
ther, this cassette includes a valve section (I) for switch- 

10 ing between opening and closing of a part between the 
pump section (P) and the intercalating agent chamber 
section (I). 

[0086] The nucleic acid detecting cassette shown in 
FIG. 24A includes a valve section (I) for switching be- 

15 tween opening and closing of a part between the pump 
section (P) andthe intercalating agent chamber section 
(I). A valve section (J') (not shown) for switching between 
opening and closing of a channel between the interca- 
lating agent chamber section (I) andthe detection section 

20 (D) may be used in place of the valve section (I). Here- 
inafter the "valve section (I)" implies the "valve section 
(I)" or the "valve section 

[0087] The pump section (P),thesamplechambersec- 
tion (S) or the wash solution chamber section (B) or the 
?s intercalating agentchambersection (I), andthe detection 
section (D) communicate with each other through the 
channels in a circular form. 

[0088] When detection is performed, first, a nucleic ac- 
id sample is supplied from the sample chamber section 

so (S) to the detection section (D) through the same proce- 
dure as the second configuration, the nucleic acid sample 
and the nucleic acid probe react with each otherto cause 
a hybridization reaction, and the nucleic acid sample is 
discharged from the detection section (D). At this time, 

35 the valve section (I) is in a closed state. 

[0089] Then, the wash solution is supplied from the 
wash solution chamber section (B) to the detection sec- 
tion (D) through the same procedure as the second con- 
figuration, washes out the unspecifically bound sample, 

40 and the wash solution is discharged from the detection 
section (D). At this time, the valve section (I) is in a closed 
state. 

[0090] Subsequently, the intercalating agent solution 
is supplied from the intercalating agent chamber section 

45 (|) to the detection section (D). At this time, the valve 
section (S) andthe valve section (B) are in a closed state, 
and the valve section (I) is in an opened state. Further, 
■ the air pressure is supplied from the pump section (P) to 
the intercalating agent chamber section (I) through the 

so channel. The supplied intercalating agent combines with 
the double stranded nucleic acid on the DNA chip. 
[0091] Subsequently, by detectingthe hybridization re- 
action by an electrochemical detection method at the de- 
tection section (D), presence of the target nucleic acid in 

55 the nucleic acid sample is detected. 

[0092] The nucleic acid sample, andthe wash solution 
discharged from the detection section (D) is discharged 
into the waste liquid chamber section (W). The air pres- 
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sure supplied from the pump section (P) returns from the 
detection section (D) in the direction to the pump section 
(P) through the waste liquid chamber section (W). 
[0093] FIG. 24B shows the schematic sectional struc- 
ture of the periphery of the intercalating agent chamber 
section (I) of the nucleic acid detecting cassette of the 
fourth configuration. Incidentally, the structures of the 
sections other than the intercalating agent chamber sec- 
tion (I), and their periphery may be identical with those 
ofthefirstto third configurations. The same parts as those 
of the first to third co nf igu rations are denoted by th e same 
reference symbols as those of the first to third configu- 
rations. 

[0094] The plate-like member 21 1 is provided with a 
first through-hole (I) 241 , a second through-hole (I) 242, 
a first groove (11) 243 on the front surface side, a first 
groove (12) 244 on the front surface side, and a second 
groove (I) 245 on the opposite surface side. 
[0095] The intercalating agent chamber section (I) is 
defined when the first through-hole (I) 241 is closed by 
the first and second sheet-like members 217 and 218. 
When the first groove (11) 243 on the front surface side 
is covered with the first sheet-like member 21 7, a first 
channel (1 11) which is a top surface side channel is de- 
fined. When the first groove (12) 244 on the front surface 
sided is covered with the first sheet-like member 21 7, a 
first channel (1 12) which is a top surface side channel is 
defined. When the second groove (I) 245 on the opposite 
surface side is covered with the second sheet-like mem- 
ber21 8, asecond channel (21) which is a bottom surface 
side channel is defined. Further, when the second 
through-hole (I) 242 is covered with the first sheet-like 
member 21 7 and the second sheet-like member 21 8, a 
third channel (31) which is a through-hole channel is de- 
fined. The intercalating agent chamber section (I) is not 
necessarily constituted of a through-hole of the plate-like 
member 211. The intercalating agent chamber section 
(I) may be defined when a recess section of the plate- 
like member 21 1 on the front surface side is covered with 
the first sheet-like member 21 7, or may be defined when 
a recess section of the plate-like member 21 1 on the 
opposite surface side is covered with the second sheet- 
like member 21 8. 

[0096] The first channel (1 11) and the second channel 
(21) are connected to the intercalating agent chamber 
section (I). The third channel (31) is connected to the sec- 
ond channel (21). The first channel (1 12) is connected to 
the third channel (31). Further, thefirstchannel(1 11 ) com- 
municates with the pump section (P). The first channel 
(1 12) communicates with the detection section (D). 
[0097] A valve section (I) for switching between open- 
ing and closing of the channel is provided at an interme- 
diate part of the first channel (1 11). The valve section (i) 
may have the same configuration as the valve section 
(B) shown in the third configuration. Pressing force from 
outside is applied to the first sheet-like member 217 to 
press the member 21 7 against the first groove (11 ) or the 
through-hole (I), whereby the valve section (I) is closed. 



Further, in orderto open the valve section (I), the pressing 
force is removed. 

[0098] Movement of the intercalating agent is per- 
formed in the following manner. 
s [0099] An intercalating agent solution is held in ad- 
vance in the intercalating agent chamber section (I). At 
this time, the valve section (I) is either in a closed state 
or in an open state. 

[0100] Subsequently, the valve section (S) and the 
10 valve section (B) are closed, the valve section (I) is 
opened, and the air pressure is supplied from the pump 
section (P) to the intercalating agent chamber section (I) 
through the first channel (111). The intercalating agent 
solution is discharged through the second channel (21), 
15 the third channel (31), and the first channel (1 12), and is 
supplied to the detection section (D). 
[0101] As described above, by adjusting the timing at 
which the air pressure is supplied from the pump section 
(P), and the timings at which the valve sections (S), (B), 
20 and (I) are opened or closed, the timings at which the 
nucleic acid sample, the wash solution, and the interca- 
lating agent solution are supplied can be controlled. 
[0102] Incidentally, at least the part of each of the first 
and second sheet-like members 217 and 218 covering 
25 the first through-hole (I) 241 can be formed of a flexible 
material, pressing force is applied from outside to thefirst 
sheet-like member 217, and the first sheet-like member 
217 can be pressed against the opening section of the 
firstthrough-hole (1)241 on the front surface side, where- 
as by the first channel (111) can be closed. Further, by re- 
moving the pressing force, the first channel (111) can be 
opened. Further, pressing force is applied from outside 
to the second sheet-like member 218, and the second 
sheet-like member 218 is pressed against the opening 
35 section of the first through-hole (I) 241 on the opposite 
surface side, whereby the second channel (21) can be 
closed. Further, by removing the pressing force, the sec- 
ond channel (21) can be opened. 
[0103] By combining the control of opening/closing of 
40 the channel utilizing the external pressing force de- 
scribed above with the control of the pump section and 
the valve sections, it becomes possible to prevent the 
liquid from flowing out to an unexpected channel. 
[0104] Further, by using an exothermic body as the 
45 pressurizing member when the pressing force is applied 
from outside, it is possible to subject the inside of the 
intercalating agent chamber to heat treatment. By apply- 
ing pressure to the cassette from above and below the 
cassette using the exothermic body, it is possible to iso- 
so late the part to be subjected to heat treatment, prevent 
vapor from unexpectedly flowing out, and improve the 
reaction controllability. 

[0105] In the cassette of the fourth configuration, after 
the nucleic acid sample is put into it, a closed return chan- 
55 nel can be formed, and hence it is possible to prevent 
nucleic acid molecules which are not the object to be 
detected from being mixed, or prevent the nucleic acid 
sample from leaking out to the outside. Further, it is also 
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possible to move different types of liquids such as the 
nucleic acid sample, wash solution, intercalating agent 
solution, and the like with good controllability according 
to the purposes of the types of the liquids. 
[0106] FIG. 24A shows functional block diagrams in 
which the valve section (S) is arranged in the channel 
connected to the sample chamber section (S). In this 
arrangement, if the pressing force is applied at the sam- 
ple chamber (S), it is possible to close the first channel 
(1S1) as the top surface side channel and the second 
channel (2S) as the bottom surface side channel. That 
is, the sample chamber section (S) has a valve function 
of the valve which acts as a valve in itself. Thus, it is not 
necessary to be provided the valve section (S) in the 
cassette. 

(Fifth Configuration) 

[0107] FIG. 25A is a functional block diagram of a nu- 
cleic acid detecting cassette of a fifth configuration, FIG. 
25B is a schematic sectional view showing a sample 
chamber section (S), an amplification chamber section 
(A) of a nucleic acid detecting cassette of the fifth con- 
figuration, and theirperiphery, and FIG.25C is asectional 
view of the amplification chamber section (A) taken in a 
direction different from that in FIG. 25B. 
[0108] Asshownin FIG.25A,thenucleicaciddetecting 
cassette of the fifth configuration basically differs from 
. that of the first configuration in further including an am- 
plification chambersection (A) in the cassette main body. 
[0109] In the amplification chamber section (A), rea- 
gents for performing amplification of the nucleic acid 
sample such as a primer and buffer are held in advance. 
In the sample chamber section (S), the received nucleic 
acid sample may be subjected to a pretreatment such as 
nucleic acid extraction, and a nucleic acid amplification 
reaction of a desired region may be carried out in the 
amplification chambersection (A). 
[0110] The amplification chamber section (A) is pro- 
vided between the sample chamber section (S) and the 
detection section (D) through channels. The pump sec- 
tion (P), sample chambersection (S), amplification cham- 
ber section (A), and detection section (D) communicate 
with each otherthrough channels in a circular form. Fur- 
ther, a bypass channel (A) (return channel) which joins 
a channel between the detection section (D) and the 
pump section (P) at a confluence point (A), and a valve 
section (A) for switching between opening and dosing of 
the bypass channel (A) are provided. Further, a valve 
section (D) for switching between opening and closing 
of the channel between the detection section (D) and the 
confluence point (A) is provided. 
[0111] Detection is performed in the following manner. 
[0112] First, a nucleic acid sample is put into the sam- 
ple chamber section (S) from an input hole provided in 
the sample chamber section (S) through the same pro- 
cedure as the first configuration. Then, the nucleic acid 
sample is discharged from the sample chamber section 



(S). At this time, the valve section (A) is set in an opened 
state, and the vaive section (D) is set in a closed state. 
The discharged nucleic acid sample is supplied to the 
amplification chamber section (A) through the channel, 
s At this time, only the liquid nucleic acid sample is left in 
the amplification chamber section (A), and only the air 
pressure supplied from the pump section (P) returns in 
the direction to the pump section (P) through the bypass 
channel (A). 

10 [0113] Subsequently, amplification of the nucleic acid 
sample is carried outinthe amplification chambersection 
(A). 

[0114] Subsequently, the valve section (A) is closed, 
the valve section (D) is opened, and thus the airpressure 

'5 supplied from the pump section (P) is given to the am- 
plification chamber section (A), whereby the nucleic acid 
sample is discharged into the detection section (D). 
[0115] Then, the presence of the target nucleic acid is 
detected in the detection section (D) in the same manner 

20 as the first configuration. 

[0116] When the waste liquid is discharged from the 
detection section (D), the valve section (A) is closed, and 
the air pressure is applied to the detection section (D) 
from the pump section (P). Finally, the waste liquid and 

25 theairpressuresuppliedfromthepumpsection (P) return 
in the direction to the pump section (P). 
[0117] In FIGS. 25B and 25C, the structures of the 
parts other than the amplification chamber section (A) 
and their periphery may be identical with the first config- 

30 uration. The same parts as those of the first configuration 
are denoted by the same reference symbols as those of 
the first configuration. 

[0118] The structures of the sample chamber section 
(S), thefirst channel (1S1 , 1 S2), the second channel (2S), 
35 and the third channel (3S), and the structure of the de- 
tection section (D) are identical with the first configura- 
tion. 

[0119] Further, a plate-like member 211 is provided 
with a first through-hole (A) 251 and a second through- 

■>o hole (A) 252. Further, a f irst groove (A1 ) 253 is provided 
on the front surface side. The first groove (A1) 253 is 
provided so as to allow it to communicate with a first 
groove (S2) 215. These grooves may be the same 
groove. Further, a first groove (A2) 254 formed on the 

45 front surface side, and a second groove (A) 255 formed 
on the opposite surface side are provided. Furthermore, 
a first groove (A3) 258 is provided on the front surface 
side. 

[0120] The front surface and the opposite surface of 
so the plate-like member211 arecovered with a first sheet- 
like member 21 7 and a second sheet-like member 21 8. 
At least regions 256 and 257 of the first and second sheet- 
like members 21 7 and 21 8 covering the first through-hole 
(A) 251 are formed of a flexible material. 
55 [0121] The amplification chamber section (A) is de- 
fined when the first through-hole (A) 251 is closed by the 
first and second sheet-like members 21 7 and 21 8. When 
thefirst groove (A1) 253 on the front surface side is cov- 
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ered with the first sheet-like member 21 7, a first channel 
(1 A1 ) which is atop surface side channel is defined. This 
is a channel continuous with the first channel (1 S2), and 
may be the same channel. When the first groove (A2) 
254 on the front surface side is covered with the first 
sheet-like member 21 7, a first channel (1 A2) which is a 
top surface side channel is defined. When the first groove 
(A3) 258 on the front surface side is covered with the first 
sheet-like member 21 7, a first channel (1A3) which is a 
top surface side channel is defined. When the second 
groove (A) 255 on the opposite surface side is covered 
with the second sheet-like member 21 8, a second chan- 
nel (2A) which is a bottom surface side channel is defined. 
Further, when the second through-hole (A) 252 is cov- 
ered with the first sheet-like member 21 7 and the second 
sheet-like member 218, a third channel which is a 
through-hole channel is defined. 
[0122] The first channel (1A1, 1A3) and the second 
channel (2A) are connected to the amplification chamber 
section (A). The third channel (3A) is connected to the 
second channel (2A).Thefirst channel (1A2) is connect- 
ed to the third channel (3A). Further, the first channel 
(1 A1 ) communicates with the pump section (P). The first 
channel (1A2) communicates with the detection section 
(D). The first channel (1 A3) is a bypass channel (A) (re- 
turn channel) which joins a channel from the detection 
section (D) to the pump section at a confluence point (A). 
A valve section (A) for switching between opening and 
closing of the bypass channel (A) is provided at an inter- 
mediate part of the first channel (1A3). A region of the 
first sheet-like member 21 7 covering at least a part (cor- 
responding to the valve section (A)) of the first channel 
(1 A3) 251 is formed of a flexible material. Closing of the 
valve section (A) can be performed by applying pressing 
force from outside to the first sheet-like membercovering 
the first channel (1 A3), and pressing the first sheet-like 
member 21 7 against the first groove (A3) 258. Further, 
opening of the valve section (A) is performed by removing 
the pressing force. 

[0123] Further, between the detection section (D) and 
the pump section (P), a valve section (D) for switching 
between opening and closing of the channel from the 
detection section (D) to pump section (P) is provided. A 
region of thefirstsheet-like member21 7 covering at least 
a part (corresponding to the valve section (D)) of the first 
channel (1D2) is formed of a flexible material. Switching 
of the valve section (D) can be performed by, in the same 
manner as the valve section (A), applying/removing 
pressing force from outside to/from the first sheet-like 
member 21 7 covering the first channel (1 D2). 
[0124] Further, pressing force is applied from outside 
to a region 256 of the first sheet-like member 21 7 cover- 
ing the first through-hole (A) 251 , and the region 256 is 
pressed against the opening section of the first through- 
hole (A) 251 on the front surface side, whereby the con- 
nection between the amplification chamber section (A) 
and the first channel (1A1), (1 A3) is interrupted. Further, 
by removing the pressing force applied from outside, the 



connection between the amplification chamber section 
(A) and the first channel (1 A1 ), (1 A3) is restored. 
[0125] Further, by applying pressure from outside to a 
region 257 of thesecond sheet-like member21 8covering 

5 thefirstthrough-hole (A) 251 and pressing the region 257 
against the opening section of the first through-hole (A) 
251 on the opposite surface side, the connection be- 
tween the amplification chamber section (A) and the sec- 
ond channel (2A) is interrupted. Further, by removing the 

w pressure applied from outside, the connection between 
the amplification chamber (A) and the second channel 
(2A) is restored. By adjusting the timings of applying the 
pressure from outside to the first and second sheet-like 
members covering the sample chamber section (S) and 

is the amplification chamber section (A), the timing of sup- 
plying the air pressure from the pump section (P), and 
the opening/closing timings of the valve sections (A) and 
(D), the movement timing of the nucleic acid sample can 
be controlled. Further, by using, as in the sample cham- 

20 ber section (S), an exothermic body as a pressurizing 
member when the pressure is applied from outside, it is 
also possible to subject the inside of the amplification 
chamber to heat treatment. 

[0126] Movement of the nucleic acid sample is per- 

25 formed in the following manner. 

[0127] A nucleic acid sample is put into the sample 
chamber section (S) from an input hole provided in the 
sample chamber section (S). At this time, pressing force 
can be applied from outside to the second sheet-like 

30 member218, andthesecondsheet-likemember218can 
be pressed against the sample chamber section (S), 
whereby the second channel (2S) is in a closed state. 
However, it is not indispensablethatthe second channel 
is in a closed state. After the nucleic acid sample is put 

35 into the sample chamber section (S), the input hole is 
sealed. Afterthe sealing, pressing force is further applied 
from outside to the first sheet-like member 21 7 and the 
first sheet-like member 21 7 is pressed against the sam- 
ple chamber section (S), whereby the first channel (1S1) 

io is closed. At this time, an exothermic body may be used 
as a pressurizing member for applying pressure to the 
first and second sheet-like members, and the sample 
chambersection (S) may be heated from above and be- 
low. In this case, the second channel should be in a 

45 closed state in advance. However, this heating process 
of the sample chamber can be skipped. 
[0128] Then, by removing the pressing force applied 
to the first and second sheet-like members 21 7 and 21 8, 
the first channel (1S1) and the second channel (2S) are 

so opened. By being given the air pressure supplied from 
the pump section (P), the nucleic acid sample is dis- 
charged through the second channel (2S), the third chan- 
nel (3S), and the first channel (1S2). At this time, the 
valve section (A) is brought into an opened state, and 

55 the valve section (D) is brought into a closed state. 
[0129] The nucleic acid sample is supplied from the 
first channel (1S2=1A1) to the amplification chamber 
section (A). At this time, the second sheet-like member 
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21 8 is in astate where the member21 8 is pressed against 
th e amp lif icatio n chamber section (A), and he nee the sec- 
ond channel (2A) is in a closed state. The air pressure 
returns from the first channel (1 A3) in the direction to the 
pump section (P) through the bypass channel (A). Only 
the liquid nucleic acid sample flows into the amplification 
chamber section (A) by gravity. 

[0130] Then, the first sheet-like member 217 is 
pressed against the amplification chamber section (A), 
and the first channel (1A1, 1A3) is thereby closed. An 
exothermic body is used as a pressurizing member for 
applying pressure to the sheet-like member, and the am- 
plification chamber section (A) is heated from above and 
below, whereby nucleic acid amplification is performed. 
[0131] Subsequently, the valve section (A) is closed, 
and the valve section (D) is opened. The pressing force 
pressing the first and second sheet-like members 217 
and 21 8 against the amplification chamber section (A) is 
removed, thereby opening the first channel (1 A1 , 1 A3), 
and the second channel (2A). Furthermore, by applying 
the air pressure from the pump section (P) to the ampli- 
fication chamber section (A) from the first channel (1A1), 
the nucleic acid sample held in the amplification chamber 
section (A) is discharged from the second channel (2A) 
to the third channel (3A) and the first channel (1A2), and 
is supplied to the detection section (D). 
[01 32] By virtue of the configuration described above, 
after the nucleic acid sample is put into thesample cham- 
ber (S), a closed return channel can be formed, and 
hence it is possible to prevent nucleic acid molecules 
which are notthe objectto be detected from being mixed, 
or prevent the nucleic acid sample from leaking out to 
the outside. Further, it is also possible to move different 
types of liquids such as the nucleic acid sample before 
amplification, the nucleic acid sample after amplification 
and the like with good controllability according to the pur- 
poses of the types of the liquids. 

(Sixth Configuration) 

[0133] FIG. 26A is a functional block diagram of a nu- 
cleic acid detecting cassette of asixth configuration, FIG. 
26B is a schematic sectional view showing asample hold- 
ing chamber section (M) of the nucleic acid detecting 
cassette of the sixth configuration, and the periphery 
thereof, and FIG. 26C is a schematic sectional view of 
the sample holding chamber section (M) taken in a di- 
rection different from that of FIG. 26B. 
[0134] Asshown in FIG.26A,thenucleicacid detecting 
cassette of the sixth configuration basically differs from 
that of the fifth configuration in further including the sam- 
ple holding chamber section (M) in the cassette main 
body. 

[0135] In the sample holding chamber section (M), a 
reagent such as a buffer or the like for adjusting the salt 
concentration of the nucleic acid sample may be held in 
advance for the detection in the detection section (D). 
[0136] The sample holdingchambersection (M) is pro- 



vided between the amplification chambersection (A) and 
the detection section (D) through channels. The pump 
section (P), sample chamber section (S), amplification 
chamber section (A), sample holding chamber section 

s (M), and detection section (D) communicate with each 
other through channels in a circular form. Further, a by- 
pass channel (A) (return channel) starting from the am- 
plification chamber section (A) and joining the channel 
between the detection section (D) and the pump section 

10 (P) at a confluence point (A), and a valve section (A) for 
switching between opening and closing of the bypass 
channel (A) are provided. Furthermore, a bypass channel 
(M) (return channel) starting from the sample holding 
chambersection (M) and joining the channel between 

15 the detection section (D) and the pump section (P) at a 
confluence point (M), and a valve section (M) for switch- 
ing between opening and closing of the bypass channel 
(M) are provided. Moreover, between the detection sec- 
tion (D) and the pump section (P), a valve section (D) for 

20 switching between opening and closing of the channel 
between the detection section (D) and the pump section 
(P) is provided. The configuration of the confluence point 
(A), the confluence point (M) and the confluence point 
(D) is arbitrary between the detection section (D) and the 

25 pump section (P). 

[0137] Detection is performed in the following manner. 
[0138] First, a nucleic acid sample is put into the sam- 
ple chamber section (S) from an input hole provided in 
the sample chamber section (S) through the same pro- 

30 cedure as the fifth configuration. It is optional that the 
preheating treatment is executed. Then, the nucleic acid 
sample is discharged from the sample chamber section 
(S). At this time, the valve section (A) is set In an opened 
state, and the valve sections (M) and (D) are set in a 

35 closed state. The discharged nucleic acid sample is sup- 
plied to the amplification chamber section (A) through 
the channel. At this time, only the liquid nucleic acid sam- 
ple is left in the amplification chamber section (A), and 
only the air pressure supplied from the pump section (P) 

■*o returns in the direction to the pump section (P) through 
the bypass channel (A). 

[01 39] Subsequently, amplification of the nucleic acid 
sample is carried out in the amplification chambersection 
(A). 

45 [0140] Subsequently, the valve section (A) is closed, 
the valve section (M) is opened, the valve section (D) is 
closed, and the air pressure supplied from the pump sec- 
tion (P) is applied to the amplification chambersection 
(A), whereby the nucleic acid sample is discharged from 

so the amplification chamber section (A). The discharged 
nucleic acid sample is supplied to the sample holding 
chamber section (M) through the channel. At this time, 
only the liquid nucleic acid sample is left in the sample 
holding chamber section (M), and only the air pressure 

55 suppliedfromthepumpsection (P) returns in the direction 
to the pump section (P) through the bypass channel (M). 
[0141] Then, mixing of the nucleic acid sample into the 
buffer is carried out in the sample holding chamber sec- 



15 



BNSDOCID: <EP 2071026A1_L> 



29 



EP 2 071 026 A1 



30 



tion (M). 

[0142] Then, the valve section (A) is closed, the valve 
section (M) is closed, the valve section (D) is opened, 
and the air pressure supplied from the pump section (P) 
is applied to the sample holding chamber section (M), 
whereby the nucleic acid sample is supplied to the de- 
tection section (D). 

[0143] Subsequently, presence of the target nucleic 
acid is detected in the detection section (D) in the same 
manner as the first configuration. 
[01 44] If the waste liq uid is discharged from the detec 
tion section (D), the valve section (A) is closed, the valve 
section (M) is closed, the valve section (D) is opened, 
and the air pressure is applied from the pump section (P) 
to the detection section (D). The waste liquid and the air 
pressure supplied from the pump section (P) can return 
in the direction to the pump section (P). 
[0145] The structures of the parts other than the sam- 
ple holding chamber section (M), and their peripheries 
may be identical with those of the fifth configuration. The 
same parts as those of the fifth configuration are denoted 
by the same reference symbols as those of the fifth con- 
figuration. 

[01 46] The structures of the sample chamber section 
(S), thefirst channel (1 S1 , 1 S2), the second channel (2S), 
the third channel (3S), the amplification chamber section 
(A) , the first channel (1 A1 , 1 A2, 1 A3), the second channel 
(2A), the third channel (3A), the detection section (D), 
and their peripheries are identical with those of the fifth 
configuration. 

[0147] Further, a plate-like member 211 is provided 
with a first through-hole (M) 261 , and a second through- 
hole (M) 262. Further, a first groove (M1) 263 is provided 
on the front surface side. The first groove (M1) 263 is 
provided such that the groove (M1) communicates with 
a first groove (A2) 254. These grooves may be the same 
groove. Further, a first groove (M2) 264 formed on the 
front surface side, and a second groove (M) 265 formed 
on the opposite surface side are provided. Furthermore, 
a first groove (M3) 268 is provided on the front surface 
side. 

[0148] The sample holding chamber section (M)isde- 
fined when the first through-hole (M) 261 is closed by the 
first and second sheet-like members 21 7 and 21 8. When 
the first groove (M1) 263 on the front surface side is cov- 
ered with the first sheet-like member 21 7, a first channel 
(1 M1 ) which is a top surface side channel is defined. This 
is a channel communicating with a first channel (1 A2), 
and they may be the same channel. When thefirst groove 
(M2) 264 on the front surface side is covered with the 
first sheet-like member 21 7, a first channel (1 M2) which 
is a top surface side channel is defined. When the first 
groove (M3) 268 is covered with the f irst sheet-like mem- 
ber 217, a first channel (1M3) is defined. When the sec- 
ond groove (M) 265 on the opposite surface side is cov- 
ered with the second sheet-like member 21 8, a second 
channel (2M) which is a bottom surface side channel is 
defined. Further, when the second through-hole (M) 262 



is covered with the first sheet-like member 217 and the 
second sheet-like member 218, a third channel (3M) 
which is a through-hole channel is defined. Here, the 
sample holding chamber section (M) is not necessarily 

s constituted of the through-hole of the plate-like member 
21 1 . The sample holding chamber section (M) may be 
defined when a recess section of the plate-like member 
211 on the front surface side is covered with the sheet- 
like member 21 7, or when a recess section of the plate- 

10 like member on the opposite surface side is covered with 
the second sheet-like member 21 8. 
[0149] The first channel (1 M1 , 1 M3) and the second 
channel (2M) are connected to the sample holding cham- 
ber section (M). The third channel (3M) is connected to 

is the second channel (2M). The first channel (1 M2) is con- 
nected to thethird channel (3M). Further, thefirst channel 
(1 M 1 ) communicates with the amplification chambersec- 
tion (A). The first channel (1 M2) communicates with the 
detection section (D). Further, thefirst channel (1M3) is 

20 connected to the sample holding chamber section (M). 
The first channel (1 M3) is a bypass channel (M) (return 
channel) which joins achannel from the detection section 
(D) to the pump section (P) at a confluence point (M). 
[0150] Avalvesection (M)forswitching between open- 

25 ing and closing of the bypass channel (M) is provided at 
an intermediate position of the first channel (1 M3). A re- 
gion of the first sheet-like member 217 covering at least 
a part (corresponding to the valve section (M)) of thefirst 
channel (1 M3) is formed of a flexible material. Closing of 

30 the valve section (M) can be performed by applying 
pressing force from outside to thefirst sheet-like member 
217 at a part thereof covering the first channel (1 M3), 
and pressing the first sheet-like member 21 7 against the 
first groove (M3) 268. Further, opening of the valve sec- 

35 tion (M) is performed by removing the pressing force. 
[0151] Further, a valve section (D) for switching be- 
tween opening and closing of the channel from the de- 
tection section (D) to the pump section (P) is provided in 
the middle of this channel. The structure of the valve sec- 

m> tion (D) is identical with that of the fifth configuration. 
[0152] By adjusting the timings of applying the pres- 
sure from outside to the first and second sheet-like mem- 
bers covering the sample chamber section (S) and the 
amplification chambersection (A), the timing of supplying 

45 the air pressure from the pump section (P), and the open- 
ing/closing timings of the valve sections (A), (M), and (D), 
the movement timing of the nucleic acid sample can be 
controlled. The regions 266 and 267 of the first and sec- 
ond sheet-like members 21 7 and 21 8 covering at least 

so the first through-hole (M) 261 may be or may not be 
formed of a flexible material. 

[0153] In case that the region 266 of the first sheet-like 
member 21 7 covering at least the first through-hole (M) 
261 is formed of a flexible material, by applying pressing 
55 force from outside to the region 266 of the first sheet-like 
member 21 7 covering the first through-hole (M) 261, and 
pressing the region 266 against the opening section of 
the first through-hole (M) 261 on the front surface side, 
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the connection between the sample holding chamber 
section (M) and the first channel (1M1), (1M3) is inter- 
rupted. Further, by removing the pressing force applied 
from outside, the connection between the sample holding 
chamber section (M) and the first channel (1M1), (1M3) s 
is restored. 

[0154] Further, In case that the region 267 of the sec- 
ond sheet-like member 218 covering at least the first 
through-hole (M) 261 is formed of a flexible material, by 
applying pressure from outside to a region 267 of the 10 
second sheet-like membercoveringthe first through-hole 
(M) 261 , and pressing the region 267 against the opening 
section of the through-hole (M) 261 on the opposite sur- 
face side, the connection between the sample holding 
chamber section (M) and the second channel (2M) is « 
interrupted. Further, by removing the pressure applied 
from outside, the connection between the sample holding 
chamber section (M) and the second channel (2M) is 
restored. By adjusting the timings of applying the pres- 
sure from outside to the first and second sheet-like mem- 20 
bers covering the sample chamber section (S), the am- 
plification chamber section (A), and the sample holding 
chamber section (M), the timing of supplying the air pres- 
sure from the pump section (P), and the opening/closing 
timings of the valve sections (A), (M), and (D), the move- 25 
ment timing of the nucleic acid sample can be controlled. 
[0155] Further, by using, as in the sample chamber 
section (S) or in the amplification chamber section (A), 
an exothermic body as a pressurizing member when the 
pressure is applied from outside, it is also possible to 30 
subject the inside of the sample holding chamber (M) to 
heat treatment. Bycombiningthe control of opening/clos- 
ing of the channel utilizing the external pressing force 
described above with the control of the pump section and 
the valve sections, it becomes possible to prevent the 35 
liquid from flowing out to an unexpected channel. 
[0156] Movement of the nucleic acid sample is per- 
formed in the following manner. 

[0157] A nucleic acid sample is put into the sample 
chamber section (S) from an input hole provided in the *o 
sample chamber section (S) as in the fifth configuration. 
At this time, pressing force may or may not be applied 
from outside to the second sheet-like member 21 8, and 
the second sheet-like member 218 may or may not be 
pressed againstthe sample chamber section (S), where- 45 
by the second channel (2S) is either in a closed state or 
in an open state. After the nucleic acid sample is put into 
the sample chambersection (S), the input hole is sealed. 
After the sealing, pressing force is further applied from 
outside to the first sheet-like member 21 7, and the first so 
sheet-like member 217 is pressed against the sample 
chamber section (S), whereby the first channel (1S1) is 
closed. At this time, an exothermic body may be used as 
a pressurizing member for applying pressure to the first 
and second sheet-like members, and the sample cham- 55 
ber section (S) may be heated from above and below. 
This heating procedure may be skipped. 
[0158] Then, by removing the pressing force applied 



to the first and second sheet-like members 21 7 and 218, 
the first channel (1S1) and the second channel (2S) are 
opened. By being given the air pressure supplied from 
the pump section (P), the nucleic acid sample is dis- 
charged through the second channel (2S); the third chan- 
nel (3S), and the first channel (1S2). At this time, the 
valve section (A) is brought into an opened state, and 
the valve sections (M) and (D) are brought into a closed 
state. 

[0159] The nucleic acid sample is supplied from the 
first channel (1S2=1A1) to the amplification chamber 
section (A). At this time, the second sheet-like member 
21 8 is in a state where the member 21 8 is pressed against 
the amplification chamber section (A), and hence the sec- 
ond channel (2A) is in a closed state. The air pressure 
returns from the first channel (1 A3) in the direction to the 
pump section (P) through the bypass channel (A). Only 
the liquid nucleic acid sample flows into the amplification 
chamber section (A) by gravity. 
[0160] Then, the first sheet-like member 217 is 
pressed against the amplification chamber section (A), 
and the first channel (1A1, 1A3) is thereby closed. An 
exothermic body is used as a pressurizing member for 
applying pressure to the sheet-like member, and the am- 
plification chambersection (A) is heated from above and 
below, whereby nucleic acid amplification is performed. 
[0161] Subsequently, the pressing force pressing the 
first and second sheet-like members 21 7 and 2 1 8 against 
the amplification chamber section (A) is removed, and 
the first channel (1 A1 , 1 A3), and the second channel (2A) 
are opened. Further, the valve section (A) is closed, and 
the valve section (M) is opened. Further, by applying the 
airpressure from the pump section (P) to the amplification 
chambersection (A) through the first channel (1A1), the 
nucleic acid sample held in the amplification chamber 
section (A) is discharged from the second channel (2A) 
into the third channel (3A) and the first channel (1A2). 
[0162] The nucleic acid sample is supplied from the 
first channel (1A2=1M1) to the sample holding chamber 
section (M). The air pressure returns from the first chan- 
nel (1 M3) in the direction to the pump section (P) through 
the bypass channel (M). Only the liquid nucleic acid sam- 
ple flows into the sample holding chamber section (M) 
by gravity. The nucleic acid sample which has flowed into 
the sample holding chamber is mixed with the reagent. 
[0163] Subsequently, the valve section (M) is closed, 
and the valve section (D) is opened. Further, by applying 
the air pressure from the pump section (P) to the sample 
holding chambersection (M)from thefirst channel (1 M1 ), 
the nucleic acid sample held in the sample holding cham- 
ber section (M) is discharged from the second channel 
(2M) into the third channel (3M) and the first channel 
(1 M2), and is supplied to the detection section (D). 
[0164] By virtue of the configuration described above, 
afterthe nucleic acid sample is put into the sample cham- 
ber (S), a closed return channel can be formed, and 
hence it is possible to prevent nucleic acid molecules 
which are notthe objectto be detected from being mixed, 
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or prevent the nucleic acid sample from leaking out to 
the outside. Further, it is also possible to move different 
types of liquids such as the nucleic acid sample before 
amplification, the nucleic acid sample after amplification, 
and the like with good controllability according to the pur- 
poses of the types of the liquids. 

(Modification Example) 

[0165] Although in the fifth configuration, the combina- 
tion ofthe first configuration and the amplification cham- 
ber section (A) is described, the wash solution chamber 
section (B) described in the second configuration, orthe 
intercalating agent chamber section (I) described in the 
fourth configuration may be provided together with the 
branched channel and the valve section in the fifth con- 
figuration. Further, the configuration may be provided 
with the waste liquid chamber section (W) of the third or 
fourth configuration at the channel between the detection 
section (D) and the pump section (P). The bypass chan- 
nel (A) may be connected eitherto the waste liquid cham- 
ber section (W) orthe channel. Further, in order that the 
target nucleic acid sample can be amplified under a plu- 
rality of different conditions, a plurality of amplification 
chamber sections (A) may be provided. In that case, the 
channel from the sample chamber section (S) to the de- 
tection section (D) may be branched into a plurality of 
channels, an amplification chamber section (A) may be 
provided in each of the branched channels, then the 
branched channels may be made to join each other 
again, thereby reaching the detection section (D). 
[0166] Further, in the sixth configuration, although the 
configuration formed by providing the fifth configuration 
with the sample holding chamber section (M) Is de- 
scribed, the wash solution chambersection (B) described 
in the second configuration, or the intercalating agent 
chamber section (I) described in the fourth configuration 
may be provided together with the branched channel and 
the valve section. 

[01 67] Further, the configuration may be provided with 
the waste liquid chambersection (W) of the third orfourth 
configuration at the channel from the confluence point 
(A) to the pump section (P), or at the channel from the 
confluence point (M) to the pump section (P). Alterna- 
tively, the bypass channel (A) or (M) may be connected 
to the waste liquid chamber section (W). (FIG. 27A or 
FIG. 27B) 

[0168] Further, in order that the target nucleic acid 
sample can be amplified under a plurality of different con- 
ditions, the configuration may be provided with a plurality 
of amplification chamber sections (A). In that case, the 
channel from the sample chamber section (S) to the de- 
tection section (D) may be branched into a plurality of 
channels, an amplification chamber section (A) may be 
provided in each of the branched channels, then the 
branched channels may be made to join each other 
again, thereby reaching the detection section (D). (FIG. 
28) 



[0169] Furthermore, the configuration may be provid- 
ed with the waste liquid chambersection (W) of the third 
or the fourth configuration at the channel from the con- 
fluence point (A) to the pump section (P). In this case, 
s the channels from the amplification chamber sections 
(A), the sample holding chamber section (M), and the 
detection section (D) are made to join each other, and 
the channel after the confluence may be connected to 
the waste liquid chamber section (W). (FIG. 29) 

10 

(First Embodiment) 

[0170] A structure example of the nucleic acid detect- 
ing cassette the functional block diagram of which is 

15 shown in FIG. 28 will be shown below. 

[0171] FIGS. 2 and 3 are a top view and a bottom view 
schematically showing the nucleic acid detecting cas- 
sette 100 the functional block diagram ofwhichis shown 
in FIG. 28. FIG. 1 shows its perspective view. In FIGS. 

20 2 and 3, the through-holes penetrating the cassette main 
body from the top surface to the bottom surface are de- 
fined as chambers or channels, and are all shown by 
solid circle lines. In FIG. 2, channels (first channels) 
formed on the top surface side are shown by solid lines, 

25 . and the channels (second channels) formed on the bot- 
tom surface side are shown by broken lines. Further, in 
FIG. 3, channels formed on the bottom surface side are 
shown by solid lines, and the channels formed on the top 
surface side are shown by broken lines. As will be de- 

30 scribed later, the sample, wash solution, or intercalating 
agent always flows out from the corresponding chamber 
through a bottom surface side channel, and is discharged 
into the other chamber or detection section always 
through atop surface side channel. Accordingly, in a step 

35 in which no air pressure is applied, the sample, wash 
solution, or intercalating agent is held on the bottom sur- 
face side of the corresponding chamber. 
[0172] The nucleic acid detecting cassette 1 00 is pro- 
vided with a sample chamber (S) 1 1 into which a nucleic 

io acid sample is injected. A flexible sheet 2 is opened at a 
position 401 corresponding to the sample chamber sec- 
tion (S) 11. The nucleic acid sample is injected into the 
sample chamber (S) 1 1 through the opening 401 , which 
is then tightly closed by a seal 402 or the like. In FIG. 1 , 

45 the seal 402 is depicted as a separate part but it is pref- 
erable that the seal 402 is partly coupled to the detecting 
cassette 1 0Oto form a unity configuration so as to assure 
a positional relationship between the opening 401 and 
theseal 402. The sample chamber section (S) 11 iscon- 

so nected to a valve section (S) 1 7a via the corresponding 
top surface side channel (1 S1). Next, the sample cham- 
bersection (S) 11 is opened, the valve section 17a closes 
the channel between the pump section (P) 16 and the 
waste chamber section (W), the valve section 1 5b closes 

ss the channel between the pump section (P)andthe inter- 
calating agent chamber section (I), the valve section (B) 
17c closes the channel between the pump section (P) 
and the wash solution chamber section (B), the valve 
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section (M) 1 7e and the valve section (D) 1 7f are closed, 
and the bottom surface side channels (2A) of the ampli- 
fication chamber sections (A) 12a, 12b, and 12c are 
closed. When the pump section (P) 1 6 is operated in a 
state where the valve section (A) 17d is opened, pressure s 
is applied to the sample in the sample. chamber section 
(S) 11. Then, the sample is divided into three parts by 
the bottom surface side channels ,(2S) of the sample - 
chamber section (S) 1 1 which is communicated to the 
amplification chamber sections (A) 12a, 12b, and 12c, «» . 
and then'the divided parts of the sample flow to the am- 
plification chamber sections (A) 12a, 12b, and' 12c. 
[0173] The three divided samples are flown to the top 
surface side channel (1S2) from the respective bottom 
surface side channels (2S) via respective through-paths 75 
(3S) and then fed to amplification chamber sections 12a . 
to 12c via the respective the top surface side channels 
(1 A1). The plural amplification chamber sections (A) are 
providedforthe reason thatthe same sample is amplified 
under different-conditions. The number of the amplifica- 20 
tion chamber sections (A) is not limited three, and it is 
sufficient if the number is more than one. The amplifica- 
tion chamber sections (A) 12a to 12c each communicate 
with the valve section (A) 17d through the top surface 
side channels (1A3). When the valve section (A) 17d is 25 
in an opened state, the air pressure supplied to the am- 
plification chamber sections (A) 12a to 12c is discharged 
into the waste liquid chamber section (W) 18 through the 
valve section (A) 17d, and only the liquid nucleic acid 
sample is fed into the amplification chamber section (A) so 
by gravity. Further, the top surface side channel (1A1, 
1A3) of each of the amplification chamber sections (A) 
12a, 12b, 12c is closed, -and the three samples are each 
subjected to nucleic acid amplification in the amplification 
chamber sections (A) 12a to 12c in a state where the 35 
respective amplification chambers (A) are tightly closed. 
Subsequently, when the pump section (P) 1 6 is operated 
in a state where the valve section (A) 17d is closed, the 
top surface side channel (1 A1 , 1 A3) and the bottom sur- 
face side channel (2A) of the amplification chamber sec- ■*» 
tion (A) 1 2a are opened, and the valve section (M) 1 7e 
is opened, the sample in the amplification chamber sec- 
tion (A) 12a is suppliedto the bottom surface sidechannel 
(2A) by the air pressure supplied to the amplification 
chamber section (A) 1 2a. The bottom surface side chan- 45 
nel communicates with the top surface side channel 
(1 A2) via the through-path (3A), and communicates with 
the mixing chamber section (holding chamber section 
(M)) 1 3 via the top surface side channel (1 A2=1 Ml ). The 
opening section of the mixing chamber section (M) 13 is so 
tapered, and the sample can therefore be supplied 
smoothly thereto. After supplying the sample in amplifi- 
cation chamber section (A) 12a to the mixing chamber 
(M) 1 3, the top surface side channel (1 A1 , 1 A3) and the 
bottom surface side channel (2A) of the- amplification ss, 
chamber section (A) 12a are closed. Thereafter, the top 
surface side channel (1 A1 , 1 A3) and the bottom surface 
side channel (2A) of the amplification chamber section 



(A) 12b are opened. In this state, the pump section (P) 
1 6 is operated so thatthe sample can be supplied to the 
mixing chamber (M) 13 from the amplification chamber 
section (A) 12b. The sample in the amplification chamber 
section (A) 12ccan be also supplied to the mixing cham- 
ber (M) 13 by a same operation as described above. 
Thus, the three samples discharged from the top surface 
side channel (1M1) are supplied to the mixing chamber 
section (M) 13, where the three samples are mixed with 
each other. In this operation, it is preferable thatthe sam- 
ple is supplied to the mixing chamber (M) from the am- 
plification chamber section (A) in a state of closing the 
bottom surface side channel (2M) of the mixing chamber 
section (M) 13. Subsequently, the valve section is main- 
tained in the closing state, the top surface side channel 
(1 A1, 1 A3) and the bottom surface side channel (2A) of 
the amplification chamber sections (A) 1 2a, 1 2b, 1 2c is 
opened, the valve section (M) 17e is closed, the bottom 
surface sidechannel (2M) of the mixing chamber section 
(M) 1 3 is opened, and the valve section (D) 1 7f is opened. 
In this state, the pump section (P) is operated and when 
the pressure inside the mixing chamber section (M) is 
increased, the mixed sample is supplied to the top sur- 
face side channel (1 M2) from the mixing chambersection 
(M) 13 through the bottom surface side channel (2M) and 
the through-path (3M). The mixed sample is further dis- 
charged from the top surface side channel (1 M2) to the 
detection section (D) 1 9, and is supplied to the detection 
section (D) 19 for detecting the target nucleic acid. This 
detection section (D) 1 9 is incorporated into the cassette 
main body 1 and is fixed thereto. 
[0174] The detection section (D) 19 communicates 
with awash solution chambersection (B) 1 4forsupplying 
a wash solution to the detection section (D) 19, and an 
intercalating agent chamber section (I) 15a for supplying 
an intercalating agent to the detection section (D) 19. 
When the pressure inside the wash solution chamber 
section (B) 14 is increased, the wash solution inside the 
wash solution chamber section (B) 14 is supplied to the 
top surface side channel (1 B2) through the bottom sur- 
face side channel (2B), and the through-hole (3B), then 
is discharged from the top surface side channel (1 B2) to 
the detection section (D) 1 9, and is supplied to the de- 
tection section (D) 19. Likewise, when the pressure inside 
the intercalating agent chamber section (I) 15a is in- 
creased, the intercalating agent inside the intercalating 
agent chamber section (I) 15a is supplied to thethrough- 
hole (31) through the bottom surface side channel (21), is 
then discharged from the top surface side channel (1 12), 
and is supplied to the detection section (D) 19. The in- 
tercalating agent chamber section (I) 15a and the wash 
solution chamber section (B) 14 are connected to the 
valve section (I) 15b and the valve section (B) 17c, re- 
spectively, and areselectively made to communicate with 
the pump section (P) 16 by the valve section (I) 15b and 
the valve section (B) 17c. That is, when by closing the 
sample chamber (S) 1 1 in the state wherein the valve 
section (D) 1 7f is opened, closing the amplification cham- 
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ber sections (A) 12a to 12c (optional) and the valve sec- 
tion (I) 15b, and opening the valve section (B) 17c, the 
wash solution chamber section (B) 14 is made to com- 
municate with the pump section (P) 16, and the pump 
section (P) 16 is operated, the pressure inside the wash 
solution chamber section (B) 14 is increased, and the 
wash solution is discharged from the top surface side 
channel (1 B2) and is supplied to the detection section 
(D) 1 9. Further, when the valve section (B) 1 7c is closed 
and the valve section (I) 1 5b is opened in the state where- 
in the valve section (D) 17f is opened, the sample cham- 
ber section (S) 1 1 is closed, the amplification chamber 
sections (A) 12a to 12c is closed, the intercalating agent 
chamber section (I) 15a is made to communicate with 
the pump section (P) 1 6, and the pump section (P) 1 6 is 
operated, the pressure inside the intercalating agent 
chamber section (I) 15a is increased, and the intercalat- 
ing agent is discharged from the top surface side channel 
(1 12) and is supplied to the detection section (D) 1 9. 
[0175] The detection section 19 communicates with 
the waste liquid chamber section (W) 1 8 through the top 
surface side channel (1 D2) and the valve section (D) 1 7f . 
Accordingly, when the valve section (D) 17f is opened, 
and the air pressure is applied to the channel in the de- 
tection section (D) 1 9, the liquid inside the detection sec- 
tion (D) 1 9 is discharged into the waste liquid chamber 
section (W) 18 as a waste liquid. The valve section (S) 
1 7a provided between the sample chamber section (S) 
1 1 and the pump section (P) 1 6 is connected to the waste 
liquid chambersection (W) 18through the bottom surface 
side channel, through-hole, and the top surface side 
channel. Incidentally, the sample chambersection (S) 11 
isformedasath rough-hole intheplate-like cassette main 
body, a dug-down section 20 which is carved out of the 
plate-like main body so as to determine the cylindrical 
side wall surface of the sample chamber section (S) 1 1 
is formed. The dug-down section20 is particularly formed 
so as to isolate the sample chamber section (S) 1 1 from 
theamplificationchambersections(A) 12a, 12b, and 12c, 
andthe bottom surface side channels (2S)through which 
the sample chamber section (S) 1 1 communicates with 
the amplification chambersections (A) 12a, 12b, and 12c 
are formed in the remaining bottom part of the dug-down 
section 20. When the sample chamber section (S) inject- 
ed with the nucleic acid sample is heated, the dug-down 
section 20 prevents the heat from entering the adjacent 
amplification chambersections (A) 12a, 12b, and 12c in 
each of which a reagent or an enzyme is held. Further, 
it is preferable that the dug-down section 20 is formed at 
the periphery of the amplification chamber sections (A) 
12a, 12b, and 12c. In the preferred structure, when the 
amplification chamber sections (A) 12a, 12b, and 12c are 
heated, the dug-down section 20 prevents the heat from 
entering the mixing chamber (M) 1 3, wash solution cham- 
ber section (B) 14, intercalating agent chamber section 
(I) 15a, and detection section (D) 19. From a viewpoint 
of thermal conduction, it is desirable that the thickness 
of the walls constituting the sample chambersection (S) 



11 and the amplification chambersection (A) 12a, 12b, 
and 1 2c be as thin as possible within the range in which 
the mechanical strength can be maintained. The thick- 
ness of the wall is set at, for example, 2 mm or less, more 

5 desirably, 1 mm or less. 

[0176] The detection section (D) 19 is provided with, 
for example, a DNAchip (not shown). The DNAchip may 
be of a current detection type ora fluorescence detection 
type. In the case of a DNA chip of the current detection 

10 type, as is known through Japanese Patent No. 2573443, 
the chip is provided with a nucleic acid detection sub- 
strate for the hybridization reaction, and the nucleic acid 
detection reaction attached thereto. Gold (Au) individual 
electrodes are arranged on the substrate fornucleic acid 

15 detection, and a nucleic acid probe DNA is fixed to each 
of the Au individual electrodes. In the state where com- 
mon electrodes such as a counter electrode and a refer- 
ence electrode are arranged via a detection space (re- 
action section) in which probe DNAs are arranged, and 

20 the detection space is filled with the intercalating agent, 
a voltage is applied across the common electrodes and 
the individual electrodes, and the fact that a current flows 
through the individual electrode is detected, whereby the 
target DNA is identified. Needless to say, the DNA chip 

25 also includes a closed structure, channels are formed on 
thesubstrate of the DNAchip, and a port communicating 
with the sample chamber section (S) 1 1, wash solution 
chambersection (B) 14, and intercalating agent chamber 
section (I) 15a is provided therein. In the channels in the 

30 DNA chip, the individual electrodes and the common 
electrodes are arranged, and the liquid is transferred on 
the individual electrodes and the common electrodes. 
Wiring of the DNA chip is connected to the individual 
electrodes and the common electrodes, and is further 

35 connected to electrode pads (not shown). The electrode 
pads are arranged such that they are exposed on the 
nucleic acid detecting cassette 1 00 and, at the time of 
current detection, are connected to the electrode con- 
nector on the nucleic acid detecting apparatus. 
[0177] In the present specification, the detailed de- 
scription of the DNA chip is omitted. Regarding a further 
detailed description of the DNAchip, see USP 5,776,672 
patented on July 7, 1998, and USP 5,972,692 patented 
on October 26, 1 999 (in both patents, the inventor is Koji 

45 Hashimoto et. al and the assignee is Kabushiki Kaisha 
Toshiba), as well as the corresponding Japanese Patent 
2573443. The descriptions in the specifications of the 
U.S. Patents constitute apart of the present specification. 
[0178] Furthermore, as for the apparatus for measur- 

so ing a DNA chip of the current detection type, refer to 
Japanese Patent Application No. 2002-223393 or Japa- 
nese Patent Application No. 2003-200440. 
[0179] After the nucleic acid detecting cassette 1 00 is 
installed in the nucleic acid detecting apparatus, a sam- 

55 pie pre-treatment and testing are executed in accordance 
with a procedure to be described later. The nucleic acid 
detecting apparatus is provided with driving mechanisms 
corresponding to the respective sections of the nucleic 
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acid detecting cassette 100 as shown in FIG. 4. That is, 
the nucleic acid detecting apparatus is provided with a 
pump mechanism 26 corresponding to the pump section 
1 6. As already described previously, the pump section 
1 6 is constituted of the through-hole orthe recess formed 
in the plate member 1 and flexible members 2 and 3 
covering the through-hole orthe recess. The pump mech- 
anism 1 6, which operates the pump section 16, is realized 
as a press mechanism that presses the flexible films. The 
nucleic acid detecting apparatus is provided with valve 
mechanisms 27a, 25b, 27c, 27d, 27e, and 27f corre- 
sponding to valves 17a, 15b, 17c, 1 7d, 17e, and 17f. The 
valves 17a, 15b, 17c, 17d, 17e, and 17f are constituted 
of the recesses orthe through-holes formed inthe plate 
member 1 and the flexible members 2 and 3 covering 
the recesses or the through-holes. The valve mecha- 
nisms 17a, 15b, 17c, 17d, 17e, and 17f which control 
opening and closing of the valves 17a, 15b, 17c, 17d, 
17e, and 17f are realized as press mechanisms which 
presses the flexible members 2 and 3 against the inside 
of the recesses orthe through-holesto close the channels 
and which separates the flexible members 2 and 3 from 
the inside of the recesses or the through-holes to open 
the channels. The sample chamber 1 1 and amplification 
chambers 12a, 12b, and 12c are constituted of the 
through-holes and the flexible members 2 and 3, closing 
the through-holes. Pressing the flexible members 2 and 
3 against the through-holes allows the channels commu- 
nicating with the through-holes to be closed. Separating 
the flexible members 2 and 3 from the through-holes al- 
lows the channels to be opened. The nucleic acid detect- 
ing apparatus further heats the sample in the sample 
chamber 11 and amplification chambers 12a, 12b, and 
12c during the pre-treatment step. The nucleic acid de- 
tecting apparatus therefore comprises heater valve 
mechanisms 21 , 22a, 22b, and 22c as push mechanisms 
which operate the sample chamber 1 1 and amplification 
chambers 12a, 12b, and 12c as valves corresponding to 
them and which includes heaters for heating the sample 
in the sample chamber 11 and amplification chambers 
12a, 12b, and 12c. 

[0180] More specifically, the sample chamber 1 1 and 
amplification chambers 12a, 12b, and 12c have such a 
structure as shown in FIG. 5 and are heated by heads of 
heater valve mechanisms 21 , 22a, 22b, and 22c, respec- 
tively. I n the sample chamber 1 1 and amplification cham- 
bers 12a, 12b, and 12c, the opening section of each of 
the through-holes 303 and 302 formed in the rigid' plate 
member, that is, the main body 1 is tapered so that a 
head 201 b can be fitted into the opening section. Chan- 
nels 204; 206, and 208 are formed between the top sur- 
face side of the plate member, that is, the main body 1 
and the flexible member 2. Channels 203 and 205 are 
formed between the bottom surfaceside of the main body 
1 and the flexible member 3. Further, a through-channel 
207is formed in the plate memberto allowthetop surface 
side channel 206 to communicate with the bottom surface 
side channel 203. 



[0181] FIG. 5 shows a case where a sample S is trans- 
ferred from the sample chamber 1 1 to the amplification 
chambers 12a, 12b, and 12c. FIG. 5 representatively 
shows a case where the sample S is transferred to the 

s amplification chamber 1 2a. The transfer of the sample 
to the amplification chambers 1 2b and 1 2c is also per- 
formed by using a similar mechanism. First, in a state 
where the sample S is stored in the sample chamber 1 1 , 
a heater valve mechanism 21 is operated to cause the 
heads to press the flexible members 2 and 3 against the 
opening sections of the through-hole 303 to close all the 
channels 204 and 203, which communicate with the sam- 
ple chamber 1 1 . Then, to transfer the sample S from the 
sample chamber 1 1 to the amplification chamber 12a, in 

15 the heater valve mechanism 22a of the amplification 
chamber 12a which is the transfer destination, only the 
bottom surface side heater valve mechanism is operated 
to cause the head 201 to press the flexible member 3 
against the opening section of the through-hole 302 to 

20 close the channel 205. Subsequently, the upper and low- 
er heads of the heater valve mechanism 21 pressing the 
flexible members 2 and 3 against the opening sections 
of the through-hole 303 in the sample chamber 1 1 are 
both released to open both the top surface side channel 

25 204 and bottom surface side channel 203 which commu- 
nicate with the sample chamber 11. Moreover, in this 
state, the pump section 1 6 is operated to apply pressure 
to the sample chamber 1 1 via the channel 204, whereby 
the sample S flows into the amplification chamber 12a 

so through the bottom surface side channel 203, through- 
channel 207, and top surface side channel 206. Since 
the amplification chambers 12b and 1 2c have a very sim- 
ilar structure, the sample S is fed to the amplification 
chambers 12b and 12c by using a similar configuration. 

35 Incidentally, when the sample S is fed to the amplification 
chambers 12a, 12b, and 12c, since the top surface side 
channel 208 is secured, the pressure applied to and the 
gaseous body present in the amplification chambers 1 2a, 
1 2b, and 1 2c are discharged into the waste liquid cham- 

4° ber 1 8 via the channel 208 together with the sample S. 
Only the sample S which is a liquid is fed to the inside of 
the amplification chamber 12a by gravity. When a pre- 
determined amount of the sample S is fed to the ampli- 
fication chamber 12a, the top surface side heater valve 

45 mechanism 22a is also operated to cause a head 201 a 
to close the top surface side channels 206 and 208 of 
the amplification chamber 12a. The amplification cham- 
ber 12a is thus brought into a closed state. The heater 
(not shown) of the heater valve mechanism 22a is sub- 
so sequently energized to allowthe headto heatthe sample 
S up to a predetermined temperature. 
[0182] FIGS. 6A to 6C show a procedure of feeding a 
sample solution from the sample chamber 1 1 to the am- 
plification chamber 12a, 12b, or 12c. In FIGS. 6A to 6C, 

55 the same parts as those shown in FIG. 5 are denoted by 
■ the same reference symbols and a description of them 
will be omitted. 

[0183] In the amplification chamber 12a, 12b, or 12c 
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shown in FIGS. 6Ato 6C, the top surface side and bottom 
surface side opening sections of a through-hole 302 are 
tapered so that heads 201 a and 21 Ob can be fitted in the 
opening sections. As shown in FIG. 6A, heads 201 a and 
201b are arranged at the respective opening sections so 
as to be opposed to each other. 

[0184] In the amplification chambers 12a, 12b, and 
12c, as shown in FIG. 6B, with the heaters (not shown) 
kept deenergized, heater valve mechanisms 22a, 22b, 
and 22c are operated to cause the head 201 b to press 
the flexible member 3 against the opening section of the 
through-hole 302toblock the channel 205. With the chan- 
nel 205 blocked, the sample S is fed to the amplification 
chambers 12a, 12b, and 12c. When a predetermined 
amount of the sample S is fed to the amplification cham- 
bers 12a, 12b, and 12c, as shown in FIG. 6C, valve mech- 
anisms22a, 22b, and 22c are operated to cause the head 
201 a to press the flexible member 2 against the opening 
section of the through-hole 302 to block the channels 206 
and 208. The heaters (not shown) of the heater valve 
mechanisms 22a, 22b, and 22c are subsequently ener- 
gized to cause the heads 201a and 201b to heat the 
sample S up to a predetermined temperature. In the 
structure shown in FIGS. 6Ato 6C, there is the possibility 
of the sample being evaporated when the sample S is 
heated. However, the evaporated sample is trapped in 
the amplification chambers 1 2a, 1 2b, and 1 2c, and hence 
the adverse influence of the evaporated sample can be 
prevented. After the heating, the heads 201a and 201b 
leave the through-hole 302 to feed the sample S to the 
mixing chamber 13 via the channel 205. In particular, 
providing the heater with the sealing function as de- 
scribed above enables a reduction in the size of the cas- 
sette. Furthermore, the chambers are sandwiched from 
above and below the nucleic acid detecting cassette 1 00, 
allowing heattobe uniformly distributed in the chambers. 
This makes it possible to prevent a liquid resulting from 
dew condensation from remaining in the chambers. 
[0185] In FIGS. 5, and 6A to 6C, the procedure of de- 
livering the sample S from the sample chamber 1 1 to the 
amplification chambers 12a, 12b, and 12c has been de- 
scribed as an example. However, the procedure is not 
limited to the amplification chambers 12a to 12c. It is 
obvious that, when other chambers are used to control 
the liquid, these chambers may have a similar structure 
and the liquid may similarly be controlled. 
[0186] The mixing chamber 13 may also have, as in 
the case of the amplification chamber 12, a cassette 
structure or apparatus structure in which the chamber 
bottom surface is constituted of a flexible member, and 
may perform a cassette operation of closing the bottom 
surface side channels, thereafter supplying the sample 
solution to the mixing chamber 13 and, when the sample 
solution is supplied from the mixing chamber 13 to the 
detection section 19, opening the bottom surface side 
channels of the mixing chamber to move the sample so- 
lution. 

[0187] In the structure shown in FIGS. 2 to 4, the am- 



plification chambers 12a, 1 2b, and 1 2c are connected to 
the sample chamber 1 1 in parallel with each other by the 
radially extending channels. As described above by re- 
ferring to FIGS. 5 and 6A to 6C, pressure is applied to 

5 the sample chamber 1 1 to thereby divide the sample S 
into three parts so that a uniform amount of the sample 
S can be fed to each of the amplification chambers 12a, 
12b, and 12c. In this case, it is desirable that the resist- 
ance of the channel offered viathe amplification chamber 

io 1 2a, the resistance of the channel offered via the ampli- 
fication chamber 12b, and the resistance of the channel 
offered viathe amplification.chamber 1 2c is equal to one 
another. For example, this can be realized by making the 
channel lengths of the amplification chambers 12a, 12b, 

15 and 12c equal to one another if the channel cross-sec- 
tional areas of the amplification chambers 12a, 12b, and 
1 2c are equal to one another. Instead of being connected 
to the sample chamber 1 1 in parallel with one another, 
the amplification chambers 12a, 12b, and 12c may be 

20 connected in series to the sample chamber 1 1 as shown 
in FIGS. 7Ato 7C, and 8. In such a connection as shown 
in FIG. 8, whenthesolution collected inthesample cham- 
ber 11 is delivered by the above-mentioned delivery 
method, the solution can be uniformly distributed by de- 

25 livering the solution at an appropriate flow rate even if 
theinter-chamberchannels203,207,206, 208,209, and 
210 do not have the same length or channel cross-sec- 
tional shape. 

[0188] Incidentally, in FIGS. 7Ato 7C, the same parts 

30 as those in FIGS. 5, and 6A to 6C are denoted by the 
same reference symbols and a description of them will 
be omitted. FIG. 8 schematically shows the connective 
relationship between the chambers and channels shown 
in FIGS. 7A to 7C. 

35 [0189] Inthestructureofthenucleicaciddetectingcas- 
sette 1 00 shown in FIGS. 7A to 7C, the sample chamber 
1 1 communicates with only the top surface side channel 
204 and the bottom surface side channel 203 communi- 
cated with the amplification chamber 12a. On the top 

40 surface side, no other channel communicates with the 
sample chamber 1 1 . Furthermore, the bottom surface 
side channels (not shown) of the amplification chambers 
1 2a, 1 2b, and 1 2c communicate with the mixing chamber 
13. When the sample S is fed from the sample chamber 

45 to the amplification chamber, in FIGS. 7A to 7C, it is as- 
sumedthatthe bottom surface sidechannels (notshown) 
are closed by the flexible member 3 pressed by heads 
201b, 201e, and 201f. The amplification chamber 12a 
communicates with the sample chamber 1 1 and the am- 

50 plification chamber 1 2b via the top surface side channels 
206 and 208. The amplification chamber 12b communi- 
cates with the amplification chambers 12a and 12c via 
the top surface side channels 208 and 209. The amplifi- 
cation chamber 1 2c communicates with the amplification 

55 chamber 12b and the waste liquid chamber 18 via the 
top surface side channels 209 and 210. Assuming that 
the volume of the sample that can be stored in each of 
the amplification chambers 12a, 1 2b, and 1 2c in the state 
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where the heads 201 b, 201 e, and 201 f pressing the flex- 
ible member 3 against the opening sections of the 
through-holes 302 is defined as Va, it is specified that 
the volume Vs of the sample to be stored in the sample 
chamber 1 1 is equal to 3Va or larger (Vs>3Va). Specify- s 
ing the above allows the amplification chamber 12a to 
be filled with the sample S from the sample chamber 11. 
The amplification chamber 12b is filled with a part of the 
sample S overflowing the amplification chamber 1 2a. The 
amplification chamber 1 2c is also filled with a part of the io 
sample S further overflowing the amplification chamber 
12b. Thus, an almost uniform amount of the sample S 
can be distributed to the amplification chambers 12a, 
12b, and 12c. Therefore, in this case, the amount of the 
sample, filled into each of the amplification chambers is « 
determined by the volume of the amplification chamber. 
Here, an example is shown in which all the amplification 
chambers have the same volume. However, if there is a 
requesttochangetheamountofthe liquidtobe amplified, 
it is possible to cope with the request by appropriately 20 
changing the volume of each amplification chamber. The 
basic cassette configuration need not be changed. 
[0190] In the structure shown in FIGS. 7A to 7C, the 
sample S initially stored in the sample chamber 1 1 is fed 
to the first amplification chamber 12a via the channels 25 
203, 207, and 206 by the pressure P1 as shown in FIG. 
7A. As shown in FIG. 7B, when the first amplification 
chamber 1 2a is filled with the sample Sfed to the chamber 
1 2a, the sample S is further fed from the first amplif icati on 
chamber 12a to the second amplification chamber 12b so 
via the channel 208 by the pressure P1 . Moreover, as 
shown in FIG. 7C, when the second amplification cham- 
ber 12b is filled with the sample S fed to the chamber 
12b, the sample S is further fed from the second ampli- 
fication chamber 1 2b to the third amplification chamber 35 
12c via the channel 209 by the pressure P1. Filling the 
third amplification chamber 12c with the sample S allows 
the sample S to be distributed to all the amplification 
chambers12a, 12b, and 12c. Incidentally, when the sam- 
ple S is fed from the sample chamber 1 1 to the amplifi- *o 
cation chambers 12a, 12b, and 12c, si nee the top surface 
side channel 21 Othat communicates with the waste liquid 
chamber 18 is secured, the pressure applied to and the 
gaseous body present in the amplification chambers 12a, 
12b, and 12c are discharged into the waste liquid cham- 45 
ber 1 8 via the channel 21 0 together with the overflowed 
sample S. Only the sample S, which is a liquid, is fed to 
the inside of the amplification chambers 12a, 12b, and 
12c owing to gravity. 

[0191] In the structure shown in FIGS. 1 to 8, when the so 
sample, the wash solution, or the intercalating agent is 
fed from the sample chamber 11, the wash solution 
chamber 14, orthe intercalating agent chamber 15a, re- 
spectively, is fed to another chamber, the sample, the 
solution, ortheagentalwaysflowsoutofthebottomsur- 55 
face side channel and is fed through the top surface side 
channel. This prevents the sample, the wash solution, 
and the intercalating agent from being easily moved in 



the cassette structure. Even if the cassette structure is 
tilted during cassette transportation orthe like, the liquid 
can be prevented from moving unless pressure is exerted 
on the chambers. 

[0192] FIGS. 9A and 9B show one example of the 
structure of the pump section 16 and the pump mecha- 
nism 26. With reference to FIGS. 9Aand 9B, a description 
will be given of an operation of delivering a liquid from 
the sample chamber 1 1 to the channel 203 in connection 
with the pump section 1 6 communicating with the sample 
chamber 11. For simplification of description, FIGS. 9A 
and 9B are development view of the sample chamber (S) 
11, the pump section 16, and valve 17a. The valve 17a 
switches between opening and closing the path between 
the pump section 1 6 and the channel from the waste 
chamber 18. Likewise, in the pump section 16, a through- 
hole or a recess 305 is formed and defined in the main 
body 1. The pump section 16 communicates with the 
sample chamber 1 1 via the top surface side channel 204. 
The pump section 16 further communicates with the 
valve section 17a constituted of athrouglvchannel 306 
via the top surface side channel 214. The valve section 
1 7a communicates with the waste liquid chamber 1 8 via 
the bottom surface side chan nel 31 0. A pump pusher 502 
of the pump, mechanism 26 is located opposite to the 
pump section 16. Further, a valve pusher 501 is located 
opposite to the valve section 1 7a. 
[0193] In the structure shown in FIG. 9A, when the 
valve pusher 501 presses the flexible member 2 against 
the opening section of the through-channel 306, the 
opening section of the through-channel 306 is closed by 
theflexible member 2 as shown in FIG. 9B; In this state, 
when the pump pusher 501 presses the sheet member 
2, the pressure and the gaseous body inside the pump 
section 1 6 are fed into the sample chamber 1 1 through 
the top surface side channel 204. The sample S in the 
sample chamber 11 is therefore pushed outto the bottom 
surface side channel 203 and discharged from the sam- 
ple chamber 11. Then, as shown in FIG. 9A, the valve 
pusher 501 is returned to open the opening section of 
thethrough-channel 306. The pump pressure 502 is then 
returned. This allows the gaseous body to flow into the 
pump section 16 via the bottom surface side channel 
310. When the valve pusher 501 and the pump pusher 
502 are repeatedly operated as described above, the 
sample S is continuously fed out of the sample chamber 
11, and the pressurizing gaseous body also flows into 
the pump section 16. 

[0194] A condition for allowing the pump section 1 6 to 
f u nction is that a pressure loss on the suction side (chan- 
nel 310 side) be smaller than that on the ejection side 
(channel 204/samples chamber 1 1 side). Accordingly, 
theair inlet channel 310 preferably has a greater channel 
cross-sectional area than the air outlet channel 204. 
[0195] As described above, the sample S, the wash 
solution, and the intercalating agent are separated from 
one another via air (gaseous body) in the channel and 
moved through the channel by applying pressure to the 
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air (gaseous body) by means of the pump section 1 6. As 
will be described later, appropriately controlling the 
valves enables the sample S, the wash solution, and the 
intercalating agent to move individually through the chan- 
nel. As a result, this allows an appropriate reaction to 
occur in the detection section 19. 

[0196] Furthermore, in the nucleic acid detecting cas- 
sette 100 described above, a reaction chamber 10 such 
as amplification chambers 12a, 12b, and 12c and the 
sample chamber (S) 1 1 in which the temperature is heat- 
controlled is thermally isolated from the adjacent cham- 
bers 8 and 9 by valve mechanisms 21 , and 22a to 22c 
by blocking the corresponding channel as shown in FIG. 
10. That is, the valve 7 is constituted of the heads of the 
valve mechanisms 21 , and 22a to 22c, and the flexible 
members 2 and 3. The heads press the flexible members 
2 and 3 against the channels to isolate the reaction cham- 
ber 1 0. This makes it possible to prevent the sample from 
evaporating and leaking from the reaction chamber 1 0. 
More specifically, when the inside of the reaction cham- 
ber 1 0 is heated, the reaction chamber 1 0 is sandwiched 
between the upper and lower heads. The top and bottom 
surfaces of the reaction chamber 1 0 are tapered, and 
each of the heads is formed like a projection. The flexible 
members 2 and 3 are pressed against the reaction cham- 
ber 10 to close the reaction chamber 10. This structure 
enables heating of the inside of the reaction chamber 10 
and closure of the reaction chamber 1 0 to be simultane- 
ously realized. 

[0197] FIG. 1 1 schematically shows Comparative Ex- 
ample 1 in contrast to the structure shown in FIG. 1 0. In 
Comparative Example 1 shown in FIG. 1 1 , valves 6Aand 
6B are provided separately from the reaction chamber 
1 0 as a temperature control area. Only the reaction cham- 
ber 1 0 is controllably heated. In Comparative Example 
1 , a reactant may evaporate and flow outto the channels 
between the reaction chamber 10 and the valves 6A and 
6B. Condensation may occur in the channel and the re- 
actant may flow out of the reaction chamber 1 0. Further- 
more, if the reactant comes in contact with the outflow 
channel from the chamber, the reactant may flow along 
the channel and may flow out of the reaction chamber 
because of a capillary phenomenon. 
[0198] FIG. 12 also schematically shows Comparative 
Example 2 in contrast to the structure shown in FIG. 10. 
In Comparative Example 2, shown in FIG. 1 2, valves 6A 
and 6B are provided separately from the reaction cham- 
ber 1 0. To prevent possible condensation as in the case 
of Comparative Example 1 , the reaction chamber 10 as 
a temperature control area and the channels between 
the reaction chamber 10 and valves 6A and 6B are con- 
trollably heated. In Comparative Example 2, in which the 
temperature control range is extended to the valves 6A 
and 6B, heat may be transferred to the adjacent cham- 
bers 8 and 9 to cause an undesired reaction in the adja- 
cent chambers 8 and 9. 

[0199] FIG. 13 showsthe chambers 11, 12a, 12b, 12c, 
13, 14, and 15a, the pump 16, and the detection section 



1 9 as well as the channels connecting the chambers 1 1 , 
12a, 12b, 12c, 13, 14, and 15a, the pump 16, and the 
detection section 19 to one another, all the components 
being included in the nucleic acid detecting cassette 1 00 
s shown in FIGS. 1 to 4. Incidentally, for simplification, the 
valves and the like which control the channels are not 
shown. 

[0200] Further, FIG. 14 shows a block diagram of the 
detecting apparatus for controlling the nucleic acid de- 
10 tecting cassette 100 shown in FIG. 13. Further, FIG. 15 
shows a flowchart showing a procedure of controlling the 
nucleic acid detecting cassette 1 00 by means of the con- 
trol system shown in FIG. 1 4 to detect a nucleic acid. 
[0201] As shown in FIG. 14, the nucleic acid detecting 
is apparatus (measurement unit) comprises a temperature 
control section 1 02 which measures the temperatures of 
the sample chamber, the amplification chambers, and 
the detection section and which provides the outputs of 
the heaters incorporated in the heater valve mechanisms 
20 21 , 22a, 22b, and 22c with feedback temperature infor- 
mation to control the temperatures to desired values, and 
a liquid delivery control section 1 04 for controlling deliv- 
ery of a liquid such as the sample S or the like in the 
channels. The liquid delivery control section 104 includes 
25 the already described pump section 16, pump mecha- 
nism 26, and heater valve mechanisms 21 , 22a, 22b, and 
22c and valve mechanisms 27a, 25b, 27c, 27d, 27e and 
27f. The nucleic acid detecting apparatus further com- 
prises the detection section 1 9 and a measurement see- 
so tion 1 06 that measures reactions occurring in DNA chips. 
The measurement section 1 06 utilizes an electric contact 
connector shown in FIG. 1 to detect a detection signal 
from an electric contact pad to determine the energized 
electrode. The nucleic acid is thus identified. The tem- 
35 perature control section 1 02, the liquid delivery control 
section 1 04, and the measurement section 1 06 are con- 
trolled by a control mechanism 1 08 controlled by a com- 
puter unit 110. 

[0202] In the nucleic acid detecting apparatus de- 
40 scribed above, detection of a nucleic acid is performed 
in accordance with the procedure shown in FIG. 15 as 
follows. 

[0203] When the nucleic acid detecting cassette 100 
is provided to a user, the sample chamber 1 1 is not 

45 closed, and an opening section (sample injecting port) 
404 in the chamber 11 is openable. In the nucleic acid 
detecting cassette 1 00 provided in this state, the bottom 
surface side channel of the sample chamber 1 1 is first 
closed (step S10). Then, the sample S is injected into 

so the sample chamber 1 1 through a top opening section 
of the sample chamber 11 (step S12). The top opening 
section of the sample chamber 1 1 is subsequently closed 
with a cover (or a seal) 402 (step S14). The a head (not 
shown) of a heater valve mechanism 21 is then pressed 

55 againstthe cover (seal) 402 constituted of a flexible mem- 
ber, and the flexible member 2 integral with, and in tight 
contact with the opening section. The top surface side 
channel of the sample chamber S14 is thus closed to 
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confine the sample S in the sample chamber 1 1 (step 
S16). 

[0204] The heater of heater valve mechanism 21 is 
operated, and the temperature of the heater is controlled 
such that the sample is boiled at a predetermined tem- 
perature (step S1 8). The sample S is heated at, for ex- 
ample, 95°C for five minutes, whereby a nucleic acid is 
extracted from the sample. Then, the head (not shown) 
of the heater valve mechanism 21 is separated from the 
flexible members 2 and 3 to open the bottom surface side 
channel communicating with the sample chamber 11 
(step S20). Furthermore, the lower heads of the heater 
valve mechanisms 22a, 22b, and 22c press the flexible 
member 3 against the bottom surface side opening sec- 
tions of the amplification chambers 12a, 12b, and 12c to 
close the bottom surface side channels communicating 
with amplification chambers 12a, 12b, and 12c. The 
pump 26 is subsequently operated to exert an air pres- 
sure on the sample chamber 1 1 with the valve 17d in an 
. open state and the valves 1 5b and 1 7c in a closed state. 
Consequently, the sample S isfedf rom thesample cham- 
ber 11 to the amplification chambers 12a, 12b, and 12c 
via the corresponding bottom surface side channels, 
through-channels, and top surface side channels (step 
S24). 

[0205] Moreover, the upper heads of the heater valve 
mechanisms 22a, 22b, and 22c are pressed against the 
opening sections the amplification chambers 12a, 12b, 
and 12c,. respectively, from above, to bring the amplifi- 
cation chambers 12a, 12b, and 12c into a closed state. 
In this state, the heaters of the heater valve mechanisms 
22a, 22b, and 22c are operated, and the amplification 
chambers 12a, 12b, and 12c are heated with the tem- 
peratures of the heaters controlled. Accordingly, thesam- 
ples S in the amplification chambers 12a, 12b, and 12c 
are heated to amplify DNAs (step S28). For example, the 
sample S is heated at 65°C for 60 minutes, thereby am- 
plifying the nucleic acid in the sample S. The heads of 
the heatervalve mechanisms 22a, 22b, and 22c are sub- 
sequently separated from the upper and lower opening 
sections of the amplification chambers 1 2a, 1 2b, and 1 2c 
to open the channels on the top surface side and the 
bottom surface side of each of the amplification cham- 
bers 12a, 12b, and12c(step S30). Then, the valve mech- 
anism 27d presses the valve 1 7d to block a path leading 
to the waste liquid chamber 1 8 via the top surface side 
channel serving as an air vent port (step S32). When the 
pump 26 is then operated with the valve 1 7e in an open 
state, the air pressure is exerted on the amplification 
chambers 12a, 12b, and 12c, and the samples S in the 
amplification chambers 12a, 12b, and 12c are fed to the 
mixing chamber 1 3 via the corresponding bottom surface 
side channels, through-holes, and the top surface side 
channels (step S34). When the pump 26 is operated in 
a state where the valve 17e is closed, the top surface 
side channel serving as an air vent port of the mixing 
chamber 13 is closed with the valve 1 7f in an open state 
(step S36), the air pressure is exerted on the mixing 



chamber13,andthe samples issupplied from the mixing 
chamber 1 3 to the DNA chip substrate of the detection 
section 19 via the corresponding bottom surface side 
channel, through-channel, and top surface side channel 

s (step S38). The DNA chip substrate in the detection sec- 
tion 1 9 is heated in a state where the temperature of the 
substrate is controlled, thereby causing hybridization in 
the substrate. That is, in the DNA chip in a state where 
the temperature thereof is controlled, a target DNA is 

io hybridized with a probe DNA (hybridization). 

[0206] Thereafter, the valve 1 7c is opened, whereby 
the channel leading from the pump section to the wash 
solution chamber 14, and further to the DNA chip sub- 
strate is opened. In this state, the valves 17a and 15b 

is are closed and the sample chamber 1 1 is in a closed 
state (step S42). In this state, when the pump 26 is op- 
erated, the air pressure is exerted on the wash solution 
chamber 14, and the wash solution is supplied to the 
DNA chip substrate in the detection section 19 (step S44). 

20 Thus, the sample S in the DNA chip substrate in the de- 
tection section 19 is fed to the waste liquid chamber 18 
via the valve 1 7f . Furthermore, the fed wash solution is 
used to wash away an unnecessary DNA sample (which 
does not contribute to hybridization) on the DNA chip 

25 substrate in the detection section 19. Duringthe washing, 
the temperature of the DNA chip substrate in the detec- 
tion section 19 is controlled, and hence the DNA chip 
substrate is washed with the wash solution kept at a pre- 
determined temperature (step S46). That is, in the DNA 

30 chip maintained at the predetermined temperature, 
DNAs other than the target DNA having a sequence com- 
plementary to that of the probe DNA are washed away 
with the wash solution. 

[0207] The wash solution valve 1 7c is closed and the 
35 valve 15b is opened, whereby the path for communicat- 
ing with the wash solution chamber 1 4 is switched to the 
path for feeding the intercalating agent. The pump 26 is 
then operated to exert the air pressure on the intercalat- 
ing agent chamber 1 5a, thereby feeding Ifie intercalating 
io agent to the DNA chip substrate in the detection section 
1 9 (step S52). When the intercalating agent is fed to the 
DNA chip substrate, the wash solution in the DNA chip 
substrate in the detection section 19 is discharged into 
the waste liquid chamber 1 8 via the valve 1 7f. When the 
45 temperature of the detection section 19 is controlled, and 
the intercalating agent is maintained at a predetermined 
temperature, the intercalating agent is bonded to hybrid- 
ized DNA on the DNA chip substrate (step S54). With 
the intercalating agent injected into the DNA chip sub- 
so strate, a voltage is applied across the counter electrode 
and the individual electrodes to cause the intercalating 
agent to produce an oxidation reduction reaction. A cur- 
rent incidental to the reaction is detected by any one of 
the individual electrodes, which is identified as the elec- 
55 trade involved in the hybridization reaction (step S56). 
The base sequence of the probe DNA on the DNA chip 
is known, and hence the base sequence of the target 
DNA can be determined by determining the individual 
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electrode at which the oxidation reduction current has 
been detected. That is, it is ascertained that the base 
sequence of the detection target region of the target DNA 
is complementary to the sequence of the probe DNA on 
the current detection electrode at which the current has 
been detected. 

[0208] The nucleic acid detecting cassette and the nu- 
cleic acid detecting apparatus according to the embodi- 
ment of the present invention have the configuration and 
structure described above. I n the above, the case where 
the sample S is heat-treated in the sample chamber 1 1 
is described, however, this is not the only case. If the 
sample S is not heated in the sample chamber 11, the 
steps S1 0, S1 6, S1 8 and S20 can be skipped. However, 
various improvements may be made in the configuration 
and structure as will be described below. 
[0209] A reagent 1 1 4 is prestored in each of the am- 
plification chambers 1 2a, 1 2b, and 1 2c serving as the 
reaction chamber 110 as shown in FIG. 16A. The chan- 
nels connected to these reaction chambers have a suf- 
ficiently elongated cross-sectional area, and there is the 
possibility of the liquid reagent 1 14 flowing out of the 
chamber 1 1 0 through the channel 1 1 6 because of a cap- 
illary phenomenon. If the liquid reagent 114 can be per- 
fectly dropped to a central part of the reaction chamber 
1 1 0 so as not to come into contact with the channel, the 
disadvantageous outflow of the reagent 1 1 4 can be pre- 
vented. However, as shown in FIG. 16B, when a large 
amount of the reagent 1 1 4 is injected so as to cover the 
entire bottom surface of the chamber, or even when the 
amount of the reagent 1 1 4 is very small, if the dropping 
position deviates from the center, and the reagent comes 
Into contact with the bottom surface side channel 1 1 6, or 
if the reagent 1 14 migrates inside the reaction chamber 
1 1 0 and comes into contact with the channel 1 1 6, then 
the reagent 114 may disadvantageously flow out. If the 
reagent 1 1 4 disadvantageously flows out, the amount of 
the reagent remaining in the chamber 1 1 4 decreases. 
Thus, the amount of reagent that can contribute to a re- 
action treatment such as an amplification reaction may 
deviate from a predetermined value, thereby adversely 
affecting reaction stability or reproducibility. However, if 
the reaction chamber is configured to internally hold the 
reagent 1 14 as shown in FIGS. 17A to 17J, the reagent 
1 14 can be prevented from flowing out through the chan- 
nel 116. 

[0210] A ring-like step 120 may be formed on a wall 
surface in the reaction chamber 1 1 0 so that the reagent 
can be dropped onto the step 1 20 as shown in FIGS. 1 7A 
and17B. In the structure shown in FIG. 17A, the reagent 
114 can be held so as to spread along the ring-like step 
120 as shown in FIG. 17B. This makes it possible to pre- 
vent the reagent 1 1 4 from flowing to the adjacent cham- 
ber 112 via the channel 116. This structure enables the 
reagent 1 1 4 to be stably held at a part spatially apart from 
the channel 1 1 6 communicating with the reaction cham- 
ber 1 1 0. The outflow of the reagent 1 1 4 can thus be pre- 
vented. 



[0211] A saucer-like reagent holding area 121 maybe 
formed in a central part of the space in the reaction cham- 
ber 110 as shown in FIGS. 17C and 17D. The saucer 

1 2 1 may be shaped simply like a disk placed on a support 
s arm 122 extending from an inner surface of the reaction 

chamber 110. However, the saucer 121 is preferably 
raised at its edge so as to be able to stably hold the 
reagent 114 as shown in FIG. 17E or 17F. In this case, 
fora manufacturing reason, it is considered that a bridge- 
10 like support arm 122 needs to extend from a sidewall of 
the reaction chamber 1 10. Only one support arm maybe 
used as shown in FIG. 1 7D or a plurality of support arms 

122 may be used, provided that the arm 122 can support 
thesaucer 1 21 . However, anothersolution must flow into 

15 the chamber from above, then is mixed with the reagent 
114 and, after the reaction treatment, must flow out 
through the bottom side channel 116. Accordingly, the 
area of the chamber covered with the saucer 121 and 
the support arm 1 22 is preferably at most half the trans- 

20 verse cross-sectional area of the reaction chamber 1 1 0. 
[0212] The structures shown in FIGS. 17A and 17C 
may be combined with each other so that the ring-like 
step 120 is formed on the wall surface in the reaction 
chamber 110 as shown in FIGS. 17G and 17H and so 

25 that the saucer-like reagent holding area 121 is formed 
in the central part of the space in the reaction chamber 
110 as shown in FIGS. 171 and 17J. When the amount 
of the reagent 1 14 is large, it is conceivable that there 
may be a case where the required capacity cannot be 

30 secured only by the saucer 121. In this case, preferably, 
the reagent 114 is received on the saucer 1 21 and flows 
to the support 122 and the sidewall step 120, where the 
reagent 1 1 4 is also held. Such a structure is desirable 
since the area for receiving the reagent is increased. To 

35 allow the reagent dropped into the saucer 121 to flow to 
these structures, the support 1 22 preferably has agroove 
formed in its upper part thereof. In the structure shown 
in FIGS. 17C and 17G, a groove may be formed in the 
upper part of the support 1 22. Any of these structures 

<« may be selected according to the amount of a reagent 
to be held. 

[0213] Alternatively, as shown in FIG. 18, a mesh-like 
lattice 1 28 may befixed tothe inside of the reaction cham- 
ber 110. In this structure, the dropped reagent 114 may 

45 be held between the meshes in the mesh-like lattice 1 28. 
[021 4] As described above, for example, as for the re- 
agent 114 held in the amplification chambers 12a, 12b, 
and 12c, a p re-treated sample solution 130 (correspond- 
ing to the sample S) needs to flow from the sample cham- 

so ber 1 1 , i.e., the pre-treatment chamber, into the amplifi- 
cation chambers 12a, 12b, and 12c, where the solution 
130 needs to be mixed with the amplification reagent 
114, thereby causing an amplification reaction. To 
achieve this, the reagent 114 and the sample solution 

55 130 need to be mixed with each other when the sample 
solution 130 flows into the chambers or during a heating 
treatment forthe amplification reaction. Thus, as shown 
in FIGS. 1 9A, 1 9B, and 1 9C, the final liquid level in each 
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of the chambers which are filled with the sample solution 
130 is required to be higher than the position at which 
the reagent 114 is held. 

[0215] FIGS. 19A to 19C show the relationship be- 
tween the liquid levels in the structures shown in FIGS. 
17A, 17C, and 17G. 

[0216] FIGS. 20A to 20C show another structure for 
holding the reagent 114. In the reagent holding structure 
shown in FIGS. 20A to 20C, the reagent 1 1 4 is held in a 
recess 132 formed in a part of the flexible member 3 
corresponding to the bottom of the chamber 110 as 
shown in FIG. 20B or in a bank-like enclosure 134 as 
shown in FIG. 20C. Also in this structure, the recess 1 32 
orthe bank-like enclosure 1 34 is preferably formed in the 
vicinity of the central part of the reaction chamber 110. 
In FIGS. 17A to 20C, special structure for holding reagent 
1 14 is described. But it may be possible to hold the rea- 
gent 1 14 in a solid state on the flexible member 3 without 
any special structures as in FIGS. 17A to 20C. 
[0217] Accordingtothe nucleicacid detecting cassette 
of the present invention, it is possible to prevent the nu- 
cleic acid from leaking out to an external environment, 
prevent the external mixture of nucleic acids, and auto- 
matically execute a process including the nucleic acid 
amplification and the other required treatments as well 
as the detection of the target nucleic acid. 
[0218] Furthermore, the internally prestored reagent 
is held at the predetermined position, and is prevented 
from flowing out undesirably. This enables stable reac- 
tion treatments and detection to be realized. 
[0219] Further, when the sample solution is supplied 
fromthesamplechamber11 to the amplification chamber 
1 2, the solution flows into the chamber through the cham- 
ber top surface side channel 206 in a state where the 
chamber bottom surface side channel 205 is closed, and 
the chamber top surface side channel 208 is secured as 
shown in FIG. 5. The amount of the reagent prestored in 
the amplification chamber 12 is relatively minute, and 
hence by providing the structure for holding the reagent 
as shown in FIGS. 1 7A to 1 7J, 1 8, and 20A to 20C, it is 
possible to prevent the solution from undesirably flowing 
out before the solution is caused to flow out from the 
amplification chamber. 

[0220] The reagent is not limited to the case where the 
reagent is held in a liquid state as described above. The 
reagent may be introduced into the amplification cham- 
ber 12 in a solid state, or may be introduced into the 
amplification chamber in a liquid state and, thereafter 
may be held in a solid state through a drying step and 
the like. In this case, the sample holding structure is not 
limited to the structure described in FIGS. 1 7A to 20C. 
[0221] When the sample solution is moved from the 
amplification chamber 1 2 to a next chamber, by operating 
the pump, and applying the air pressure to the amplifica- 
tion chamber in a state where the chamber bottom sur- 
face side channel 205 is opened, the sample solution is 
moved to the next chamber through the chamber bottom 
surface side channel 205, thereby making it possible to 



sufficiently control the movement of the liquid. 
[0222] However, when the structure for directly closing 
the chamber bottom surface side channel is notprovided 
as in the case of the wash solution chamber 14 or the 
s intercalating agent chamber 1 5. there is the possibility of 
the reagent flowing out of the chamber, like the descrip- 
tion of the possibility of the reagent flowing out of the 
amplification chamber 12 in connection with FIG. 16. 
[0223] Thus, as shown in FIGS. 31 to 33, by making a 
io part of the outflow path larger, it becomes possible to 
control the outflow amount to minimize it. This isbecause 
the solution which tends to flow out of the chamber by 
the capillary phenomenon is stopped atthe point at which 
the cross-sectional area changes. FIG. 31 shows the 
cross section of the wash solution chamber 1 4, and FIG. 
32 shows the cross section of the intercalating agent 
chamber 15a. In FIGS. 31 and 32, the liquid level of the 
liquid reagent held in the chamber in advance is sche- 
matically shown . Further, while another region in the cas- 
sette is operated, even if the pressure in the chamber of 
interest somewhat varies, since the channel cross-sec- 
tional area is partly made larger, the reagent top position 
is not largely varied, and it is possible to prevent a state 
where the reagent undesirably reach, for example, the 
adjacent region from occurring. 

[0224] Such an effect is also valid for a mixing chamber 
1 3 shown in FIG. 33. That is, as for the mixing chamber 
1 3, both a case where a liquid reagent is held in advance 
therein, and a case where a solid reagent is held in ad- 
vance therein can be assumed. Further, not only a case 
where a structure in which the chamber bottom surface 
side channel can be directly closed is provided, but also 
a case where the above structure is not provided can be 
assumed. When the liquid reagent is held in the mixing 
chamber 1 3, the mixing chamber 1 3 can be regarded as 
being totally identical with the wash solution chamber 1 4 
and the intercalating agent chamber 15a described pre- 
viously. In the case where the reagent held in the mixing 
chamber 13 is in a solid state, and no liquid is initially 
present in the mixing chamber 13, it is understood that 
the above-mentioned effect is exerted when the sample 
solution is supplied from the amplification chamber 12 to 
the mixing chamber 13. That is, at almost the same in- 
stant the liquid is supplied to the mixing chamber 1 3, the 
solution flows out of the mixing chamber 1 3 through the 
mixing chamber bottom surface side channel by the cap- 
illary phenomenon. However, by partly increasing the 
cross-sectional area of the outflow path, the outflow of 
the solution due to the capillary phenomenon can be 
stopped atthe point at which the cross-sectional area is 
changed, and hence it becomes possible to control the 
outflow of thesolution. Further, as in the case ofthewash 
solution chamber 1 4 and the intercalating agent chamber 
15a, while another region in the cassette is operated, 
even if the pressure in the chamber of interest somewhat 
varies, it is also possible to expect the effect of maintain- 
ing the reagent top position without a large variation. 
[0225] The liquid holding chambers 31 0, 320, and 330 
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shown in FIGS. 31 to 33 correspond to the wash solution 
chamber 1 4, the intercalating agent chamber 1 5a, and 
the mixing chamber 13, respectively. In the chambers 
310 and 320, reagents 312 and 322 are respectively 
stored. Further, in the chamber 330, a sample solution 
332 is held. Through-hole channels 3B, 31, and 3M are 
connected to the bottom surface side channels 2B, 21 , 
and 2M, respectively. At this time, the upper side (3B2, 
3I2, 3M2) cross-sectional area of each of the through- 
hole channels 3B, 31, and 3M is largerthan the lower side 
cross-sectional. Further, the top surface side channels 
1B2, 112, and 1M2 are respectively connected to the 
through-hole channels 3B2, 3I2, and 3M2 each having 
the larger cross-sectional areas. As described above, by 
increasing the upper side cross-sectional areas of the 
through-hole channels, it becomes possible to control 
the outflow amounts of the reagents 312, and 322, and 
the sample solution 332 to minimize the amounts. For 
example, by causing the cross sections of 3B, 31, and 
3M to have a diameter of <p1 mm, and causing the cross 
sections of 3B2, 3I2, and 3M2 to have a diameter of <p2 
mm, the aforementioned effect can be obtained. 
[0226] Further, as a means for preventing the solution 
from undesirably flowing out of each of the wash solution 
chamber 14, the intercalating agent chamber 15a, and 
the mixing chamber 13, it is desirable that the channels 
be subjected to a hydrophobic treatment. The liquid hold- 
ing chamber shown in FIG. 34 corresponds to the wash 
solution chamber 14, the intercalating agent chamber 
15a, orthe mixing chamber 13. In FIG. 34, a reagent or 
a sample 341 is stored in a chamber 340. A top surface 
side channel 1 R1 , and a bottom surface side channel 2R 
are connected to the chamber 340, and a top surface 
side channel 1 R2 is connected to the bottom surface side 
channel 2R via athrough-hole channel 3R. By subjecting 
at least the chamber bottom surface side channel 2R to 
the hydrophobic treatment, when the solution flows into 
the chamber, the solution does not enter the bottom sur- 
face side channel unless the chamber internal pressure 
is increased. Hence, there is no possibility of the solution 
flowing out through the bottom surface side channel due 
to the capillary phenomenon, Regarding the wash solu- 
tion chamber 1 4 and the intercalating agent chamber 
15a, it becomes possible to reliably hold the wash solu- 
tion orthe intercalating agent held in the chamber in ad- 
vance. Regarding the mixing chamber 1 3, when a liquid 
reagent is held in advance therein, it is possible to expect 
the effect of reliably holding the reagent in the chamber 
as in the case of the wash solution chamber orthe inter- 
calating agent chamber. Further, even when the reagent 
held in advance in the mixing chamber is in a solid state, 
it is possible to, when the sample solution is supplied to 
the mixing chamber; prevent the sample solution from 
undesirably flowing outfrom the chamber bottom surface 
side channel due to the capillary phenomenon. As f orthe 
channel to be subjected to the hydrophobic treatment if 
the channels 3R and 1 R2 are subjected to the hydropho- 
bic treatment in addition to the channel 2R described 



above, the above-mentioned function can be obtained 
more securely. Further, bysubjectingthetopsurfaceside 
channel 1 R1 to the hydrophobic treatment, an effect of 
preventing the solution inside the chamber from flowing 

s backward even if the cassette is inadvertently turned over 
can be exerted. Regarding the top surface side channel 
1R1 of the mixing chamber, when the liquid reagent is 
held in the chamber, the effect of preventing backflow at 
the time of turnover of the cassette can be obtained as 

10 in the case of the wash solution chamber or the interca- 
lating agent chamber. Furthermore, since the top surface 
side channel 1 R1 is also a channel through which the 
sample solutionflowsfrom the amplification chamberinto 
the mixing chamber, the sample solution that has 

15 reached the hydrophilicchamber M from the hydrophobic 
channel 1R1 by the pressure can easily flow into the 
chamber. 

[0227] By providing both the configuration in which the 
cross-sectional area of the channel is partly increased, 

20 and the technique of carrying out the hydrophobic treat- 
ment, it is possible to expect a further effect. That is, 
subjecting the channel to the hydrophobic treatment pre- 
vents the solution from entering the channel due to the 
capillary phenomenon. Further, if the solution has en- 

25 tered the channel by the variation in the internal pressure 
of the chamber, the moving rate of the tip end of the 
solution becomes smaller at the position at which the 
cross-sectional area of the channel becomes larger along 
the way. As a result of this, it is possible to prevent ad- 

30 jacentfunctions, i.e., mixingwith another reagent, mixing 
with another solution, flowing into the adjacent chamber, 
entering, of the solution, the other part, and the like from 
being carried out. 

[0228] Furthermore, the hydrophobic treatment of the 

35 channel is also effective not only for the channels of the 
wash solution chamber, intercalating agent chamber, 
and mixing chamber, but also for the channels of the 
sample chamber 11 and the amplification chamber 12. 
A chamber 350 shown in FIG. 35A corresponds to the 

40 sample chamber 1 1 . In FIG.35A, atop surface sidechan- 
nel 1S1 and a bottom surface side channel 2S are con- 
nected to the chamber 350, and a top surface side chan- 
nel 1 S2 is connected to the bottom surface side channel 
2S via athrough-hole channel 3S. By subjecting the bot- 

45 torn surface side channel 2S of the sample chamber 350 
to the hydrophobic treatment, if the sample solution is 
injected into the chamber while the bottom surface side 
channel 2S is kept open without performing a procedure 
of setting the cassette in the apparatus, and closing the 

so bottom surface side channel 2S of the sample chamber, 
the sample solution does not flow out of the bottom sur- 
face side channel 2S. Accordingly, it becomes possible 
to carry out stricter testing. Furthermore, by subjecting 
the top surface side channel 1S1 of the sample chamber 

55 to the hydrophobictreatment, the effect of preventing the 
sample solution outflow at the time of turnover of the cas- 
sette after injection of the sample solution into the cham- 
ber can be expected as in the case of the wash solution 
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chamber or the intercalating agent chamber. 
[0229] A chamber 355 shown in FIG. 35B is the am- 
plification chamber 12. In FIG. 35B, a top surface side 
channel 1 A1 and a bottom surface side channel 2A are 
connected to the chamber 355, and atop surface side s 
channel 1A2 is connected to the bottom surface side 
channel 2A via a through-hole channel 3A. 
[0230] Regarding the amplification chamber 355, sub- 
jecting the bottom surface side channel 2A to the hydro- 
phobic treatment makes it possible to expect the effect to 
of preventing outflow of the solution from occurring after 
injection of the sample solution into the chamber as in 
the case of the sample chamber. Subjecting the top sur- 
face side channel 1A1 of the amplification chamber to 
the hydrophobic treatment makes it possible to expect is 
that the sample solution that has reached the inside of 
the hydrophilic amplification chamber 355 through the 
: hydrophobic channel 1 A1 from the sample chamber can 
easily flow into the chamber. It is not necessary that the 
whole inner surface of the amplification chamber is sub- 20 
jected to the hydrophilic treatment. The same effect can 
be expected, if only an inner surface region of the ampli- 
fication chamber, which is extended in the top surface 
side channel 1 A1 , have a hydrophilic characteristic. That 
is, the solution reached to the amplification chamberf ram 25 
the top surface side channel 1A1 can be delivered to the 
hydrophilic inner surface region of the amplification 
chamber, which is extended in the top surface side chan- 
nel 1A1 so that the delivered solution can be guided and 
dropped into the amplification chamber 355. The same so 
effect also can be expected, if the mixing chamber has 
a hydrophilic inner surface region which is extended in 
the top surface side channel 1M1. 
[0231] Furthermore, the hydrophobic treatment of the 
channel is also effective for the bypass channel 258 from 3S 
the amplification chamber 12, and the bypass channel 
268 from the mixing chamber 13. A chamber 360 of FIG. 
36A shows the bypass channel side cross section of the 
amplification chamber 1 2. In FIG. 36A, a top surface side 
channel 1 A3 is connectedto the chamber360. Regarding *o 
the chamber 360, the hydrophobic treatment of the top 
surface side channel 1A3 makes itpossibleto expect the 
effect of preventing the sample solution from mistakenly 
entering the top surface side channel 1 A3 which is a dis- 
charging path of the air pressure from the pump section 45 
when the sample solution is delivered from the sample 
chamber to the amplification chamber. A chamber 365 
of FIG. 36B shows the bypass channel side cross section 
of the mixing chamber 1 3. In FIG. 36B, a top surface side 
channel 1 M3 is connected to the chamber 365. Regard- so 
ing the chamber 365, the hydrophobic treatment of the 
top surface side channel 1 M3 makes it possible to expect 
the effect of preventing the sample solution from mistak- 
enly entering the top surface side channel 1 M3 which is 
a discharging path of the air pressure from the pump ss 
section when the sample solution is delivered from the 
amplification chamber to the mixing chamber. The chan- 
nel regions depicted by a hatched line in FIGS. 34, 35A, 



35B, 36A and 36B are preferably made as a hydrophobic 
region, and the other channel regions are preferably 
made as a hydrophilic region. As describe above, if the 
chamber has the hydrophilic characteristic and the chan- 
nel has the hydrophobic characteristic, it is possible to 
control the solution in an exact manner. 
[0232] As has been described above, according to the 
present invention, it is possible to provide a nucleic acid 
detecting cassette intended to automatically execute the 
steps of nucleic acid extraction, amplification, detection, 
and the like to detect the target nucleic acid, as well as 
a nucleic acid detecting apparatus using the nucleic acid 
detecting cassette. 

Industrial Applicability 

[0233] As has been described above, according to the 
present invention, it is possible to automatically execute 
a process including prevention of leakage of a nucleic 
acid into the external environment, prevention of mixing 
of a nucleic acid from outside, nucleic acid amplification, 
and other required treatments as well as detection of a 
target nucleic acid in a consistent manner. 
[0234] Further, an internally prestored reagent is held 
at a predetermined position, thus undesirable outflow of 
the reagent is not caused, and hence stable reaction 
treatments and detection can be realized. 



Claims 

1 . A nucleic acid detecting cassette comprising: 

a plate-like member which includes a front sur- 
face and an opposite surface opposed to the 
front surface, is made of a rigid material, and 
further includes a first through-hole (S), a sec- 
ond through-hole (S), a first groove (S1 ) formed 
in the front surface, a first groove (S2) formed 
in the front surface, and a second groove (S) 
formed in the opposite surface; 
a first and second sheet-like members which 
coverthe front surface and the opposite surface, 
respectively; 

a pump section formed in the plate-like member, 
for supplying air pressure; 
a sample chamber section which is defined 
when the first through-hole is closed by the first 
andsecondsheet-likemembers.communicates 
with the pump section, and holds a nucleic acid 
sample therein; 
■ a detection section which is formed in the plate- 
like member, communicates with the sample 
chamber section, receives the nucleic acid sam- 
ple, and detects a target nucleic acid from the 
nucleic acid sample; 

areturn channel for makingthe detection section 
and the pump section communicate with each 
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other; 

a first channel (1S1) defined when the first 
groove (S1) is covered with the first sheet-like 
member; 

a first channel (1S2) defined when the first s 
groove (S2) is covered with the first sheet-like 
member; 

a second channel (2S) defined when the second 
groove (S) is covered with the second sheet-like 
member; to 
a third channel (3S) defined when the second 
through-hole (S) is covered with the first sheet- 
like memberand the second sheet-like member, 
wherein 

the pump section, the sample chamber section, 15 
and the detection section communicate with 
each other in a circular form, 
the first channel (1 S1 ) and the second channel 
(2S) are connected to the sample chamber sec- 
tion, 20 
the thirdchannel (3S) is connected to the second 
channel (2S), 

the first channel (1 S2) is connected to the third 
channel (3S), 

air pressure supplied by the pump section is ap- ?s 
pliedto the sample chamber section through the 
first channel (1S1), whereby the nucleic acid 
sample held in the sample chamber section is 
discharged through the second channel (2S), 
the third channel (3S), and the first channel 30 
(1S2), and 

the air pressure returns from the detection sec- 
tion to the pump section through the circularflow 
path. 

35 

2. The nucleic acid detecting cassette according to 
claim 1 , wherein the plate-like member includes a 
space (D) formed in the plate-like member, a first 
groove (D1) formed in the front surface, and a first 
groove (D2) formed in the front surface, io 
in the nucleic acid detecting cassette, the detection 
section is defined in the first space (D), 

the detection section includes a first channel (1 D1) 
defined when the first groove (D1) is covered with 
the first sheet-like member, and 45 
a first channel (1 D2) defined when the first groove 
(D2) is covered with the first sheet-like member, 
the first channel (1 D1) and the first channel (1 D2) 
are connected to the detection section, and 
the nucleic acid sample flows into the detection sec- so 
tion through the first channel (1 D1 ) together with the 
airpressuresupplied from the pump section, andthe 
air pressure supplied from the pump section is ap- 
plied to the detection section through the first chan- 
nel (1D1), whereby the nucleic acid sample is dis- 55 
charged through the first channel (1 D2). 

3. The nucleic acid detecting cassette according to 



claim 1 , wherein a region of the first sheet-like mem- 
ber covering at least the first through-hole (S) is 
made of a flexible material, 
a region of the second sheet-like member covering 
at least the first through-hole (S) is made of a flexible 
material, 

by pressing the first sheet-like member against an 
opening section of the first through-hole (S) on the 
front surface side from outside, connection between 
the first through-hole (S) and the first channel (1S1) 
is interrupted, and 

by pressing the second sheet-like member against 
an opening section of the first through-hole (S) on 
the opposite surface side from outside, connection 
between the first through-hole (S) and the second 
channel (2S) is interrupted. 

4. The nucleic acid detecting cassette according to 
claim 1, wherein a cross-sectional area of the first 
through-hole (S) is largerthan a channel cross-sec- 
tional area of each of the first channel (1S1), the 
second channel (2S), the third channel (3S), and the 
first channel (1S2). 

5. The nucleic acid detecting cassette according to 
claim 1 , wherein 

the plate-like memberincludes acavity section which 
surrounds a side wall of the first through-hole, and 
interrupts heattransferto an adjacent chamberwhen 
the nucleic acid sample is heated. 

6. The nucleic acid detecting cassette according to 
claim 1, wherein at least one of the first channel 

(151) ,the secondchannel (2S), and thefirst channel 

(152) is hydrophobic. 

7. The nucleic acid detecting cassette according to 
claim 1 , wherein 

the plate-like member further includes a space (B) 
provided with an opening section in the front surface 
or the opposite surface, a second through-hole (B), 
a first groove (B1) formed in the front surface, the 
first groove (B2) formed in the front surface, and a 
second groove (B) provided in the opposite surface, 
the nucleic acid detecting cassette further includes 
a wash solution chamber section which is defined 
when at least the opening section of the space (B) 
is closed by the first sheet-like member orthe second 
sheet-like member, communicates with the pump 
section and the detection section, and holds a wash 
solution therein, 

a first channel (1 B1) defined when the first groove 
(B1 ) is covered with the first sheet-like member, 
a first channel (1 B2) defined when the first groove 
(B2) is covered with the first sheet-like member, 
a second channel (2B) defined when the second 
groove (B) is covered with the second sheet-like 
member, 
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a third channel (3B) defined when the second 
through-hole (B) is covered with the first sheet-like 
member and the second sheet-like member, 
a valve section (S) for switching between opening 
and closing of a part between the pump section and s 
the sample chamber section or a part between the 
sample chamber section and the detection section, 
and 

a valve section (B) for switching between opening 
and closing of a part between the pump section and io 
the wash solution chamber section or a part between 
the wash solution chamber section and the detection 
section, 

the first channel (1B1) and the second channel (2B) 
are connected to the wash solution chamber section, 15 
the third channel (3B) is connected to the second 
channel(2B), ■ 

the first chan nel (1 B2) is connected to the third chan- 
nel (3B), and 

when the valve section (S) is closed, and the valve 20 
section (B) is opened, the air pressure supplied from 
the pump section is applied to the wash solution 
chamber section, whereby the wash solution held in 
the wash solution chamber is discharged through 
the second channel (2B), the third channel (3B), and 25 
the first channel (1B2). 

8. The nucleic acid detecting cassette according to 
. claim 7, wherein at least one of the first channel 

(1B1), thesecondchannel(2B),andthefirstchannel 30 
(1 B2) is hydrophobic. 

9. The nucleic acid detecting cassette according to 
claim 7, wherein a cross-sectional area of the first 
through-hole (B) is larger than a channel cross-sec- 35 
tional area of each of the first channel (1B1), the 
second channel (2B), the third channel (3B), and the 
first channel (1B2). 

10. The nucleic acid detecting cassette according to *o 
claim 9, wherein 

a cross-sectional area of a part of the third channel 
(3B) connected to the first channel (1B2) is larger 
than a part of the third channel (3B) connected to 
the second channel (2B). 45 

11. The nucleic acid detecting cassette according to 
claim 7, wherein the plate-like member includes a 
space (W) provided with an opening section in the 
front surface or the opposite surface, a first groove so 
(W1 ) formed in the front surface, and a first groove 
(W2) formed in the front surface, 

the nucleic acid detecting cassette includes 
a waste liquid chamber section which is defined 
when at least the opening section of the space (W) ss 
is closed by the first sheet- like member or the second 
sheet-like member, communicates with the detec- 
tion section and the pump section, receives a waste 



liquid including the nucleic acid sample from the de- 
tection section, and holds the waste liquid therein, 
a. first channel (1W1) defined when the first groove 
(W1 ) is covered with the first sheet-like member, and 
a first channel (1 W2) defined when the first groove 
(W2) is covered with the first sheet-like member, 
the first channel (1W1) and the first channel (1W2) 
• are connected to the waste liquid chamber section, 
and 

the waste liquid from the detection section flow into 
the waste liquid chamber section through the first 
channel (1W1) together with the air pressure sup- 
plied from the pump section, and the air pressure 
supplied from the pump section through the first 
channel (1 W1 ) is discharged into the pump section 
through the first channel (1 W2). 

12. The nucleic acid detecting cassette according to 
claim 1 1 , wherein the plate-like member further in- 
cludes a space (I) provided with an opening section 
in the front surface orthe opposite surface, a second 
through-hole (I), a first groove (11 ) formed in the front 
surface, a first groove (12) formed in the front sur- 
face, and asecond groove (I) formed in the opposite 
surface, 

the nucleic acid detecting cassette includes 
an intercalating agent chamber which is defined 
when at least the opening section of the space (I) is 
closed by the first sheet-like member orthe second 
sheet-like member, communicates with the pump 
section and the detection section, and holds an in- 
tercalating agent therein, 

a first channel (111) defined when the first groove 
■ (11) is covered with the first sheet-like member, 
a first (1 12) defined when the first groove (12) is cov- 
ered with the first sheet-like member, 
a second channel (21) defined when the second 
groove (I) is covered with the second sheet-like 
member, 

a third channel (31) defined when the second 
through-hole (I) is covered with the first sheet-like 
member and the second sheet-like member, and 
a valve section (I) for switching between opening and 
closing of a part between the pump section and the 
intercalating agent chamber or a part between the 
detection section and the intercalating agent cham- 
ber, 

the first channel (1 11) and the second channel (21) 
are connected to the intercalating agent chamber, 
the third channel (31) is connected to the second 
channel (21), 

the firs channel (112) is connectedto the third channel 
(31), and 

when the valve section (S) and the valve section (B) 
are closed, and the valve section (I) is opened, the 
air pressure supplied from the pump section is ap- 
plied to the intercalating agent chamber through the 
first channel (111), whereby the intercalating agent 
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held in the intercalating agent chamber is discharged 
through the second channel (21), the third channel 
(31), and the first channel (1 12). 

13. The nucleic acid detecting cassette according to 
claim 12, wherein at least one of the first channel 

(1 11) , the second channel (21), and the first channel 

(1 12) is hydrophobic. 

14. The nucleic acid detecting cassette according to 
claim 12, wherein a cross-sectional area of the first 
through-hole (I) is larger than a channel cross-sec- 
tional area of each of the first channel (1 11), the sec- 
ond channel (21), the third channel (31 ), and the first 
channel (1 12). 

15. The nucleic acid detecting cassette according to 
claim 14, wherein a cross-sectional area of a part of 
the third channel (31 ) connected to the first channel 
(1 12) is larger than a part of the third channel (31) 
connected to the second channel (21). 

16. The nucleic acid detecting cassette according to 
claim 1, wherein the plate-like member further in- 
cludes a first through-hole (A), a second through- 
hole (A), a first groove (A1 ) formed in the front sur- 
face, a first groove (A2) formed in the front surface, 
and a second groove (A) formed in the opposite sur- 
face, 

the nucleic acid detecting cassette includes 
an amplification section which is defined when the 
first through-hole (A) isclosed by the first and second 
sheet-like members, communicates with the sample 
chamber section and the detection section, receives 
the nucleic acid sample from the sample chamber, 
and amplifies a nucleic acid in the nucleic acid sam- 
ple, 

a first channel (1A1) defined when the first groove 
(A1) is covered with the first sheet-like member, 
a first channel (1A2) defined when the first groove 
(A2) is covered with the first sheet-like member, 
a second channel (2A) when the second groove (A) 
is covered with the second sheet-like member, and 
a third channel (3A) defined when the second 
through-hole (A) is covered with the first sheet-like 
member and the second sheet-like member, 
the pump section, the sample chamber section, the 
amplification chamber section, and the detection 
section communicate with each other in a circular 
form, 

the first channel (1 A1) and the second channel (2A) 
are connected to the amplification chamber section, 
the third channel (3A) is connected to the second 
channel (2A), 

the first channel (1 A2) is connected to the third chan- 
nel (3A), and the nucleic acid sample flows into the 
amplification chamber section together with the air 
pressure supplied from the pump section, and the 



air pressure supplied from the pump section is ap- 
plied to the amplification chamber section through 
the first channel (1A1), whereby the nucleic acid 
sample is discharged through the second channel 
s (2A), the third channel (3A), and the first channel 
(1A2). 

17. The nucleic acid detecting cassette according to 
claim 16, wherein at least one of the first channel 

10 (1A1),thesecondchannel (2A), andthefirstchannel 
(1A2) is hydrophobic. 

18. The nucleic acid detecting cassette according to 
claim 1 6, wherein a region of the first sheet-likemem- 

15 ber covering at least the first through-hole (A) is 
made of a flexible material, a region of the second 
sheet-like member covering at least the firstthrough- 
hole (A) is made of a flexible material, by pressing 
the first sheet-like member against an opening sec- 

20 tion of the first through-hole (A) on the front surface 
side from outside, connection between the first 
through-hole (A) and the first channel (1 A1) is inter- 
rupted, and by pressing the second sheet-like mem- 
ber against an opening section of the first through- 

25 hole (A) on the opposite surface side from outside, 
connection between the first through-hole (A) and 
the second channel (2A) is interrupted. 

19. The nucleic acid detecting cassette according to 
30 claim 1 6, wherein a cross-sectional area of the first 

through-hole (A) is larger than a channel cross-sec- 
tional area of each of the first channel (1A1), the 
second channel (2A), the third channel (3A), and the 
first channel (1A2). 

35 

20. The nucleic acid detecting cassette according to 
claim 16, wherein the plate-like member includes a 
cavity section which surrounds aside wall of the first 
through-hole (A), and interrupts heat transfer to an 

40 adjacent chamber when the nucleic acid sample is 
heated. 

21. The nucleic acid detecting cassette according to 
claim 16, wherein the plate-like member includes a 

45 first groove (A3) formed in the front surface, 
the nucleic acid detecting cassette includes 
a first channel (1 A3) defined when the first groove 
(A3) is covered with the first sheet-like member, and 
connected to the return channel and the amplification 

so chamber section, 

a valve section (A) for switching between opening 
and closing of a part between the amplification cham- 
ber section and the return channel, and 
a valve section (D) for switching between opening 

55 and closing of a part between the detection section 
and the return channel, 

when the valve section (A) is opened, and the valve 
section (D) is closed, the nucleic acid sample flows 
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into the amplification chamber section through the 
first channel (1 A1 ) together with the air pressu re sup- 
plied from the pump section, and the air pressure is 
returned to the pump section through the first chan- 
nel (1 A3), and the return channel, and 
when the valve section (A) is closed, and the valve 
section (D) is opened, the air pressure supplied from 
the pump section is applied to the amplification 
chamber section through the first channel (1A1), 
whereby the nucleic acid sample is discharged 
through the second channel (2A), the third channel 
(3A), and the first channel (1 A2). 

22. The nucleic acid detecting cassette according to 
claim 21, wherein 

a region of the first sheet-like member covering at 
least the first through-hole (A) is made of a flexible 
material, 

a region of the second sheet-like member covering 
at least thefirstth rough-hole (A) is made of aflexible 
material, 

by pressing the first sheet-like member against an 
opening section of the first through-hole (A) on the 
front surface side from outside, connection between 
the first through-hole (A) and the first channel (1 A1), 
and connection between the first through-hole (A) 
and the first channel (1A3) are simultaneously inter- 
rupted, and 

by pressing the second sheet-like member against 
an opening section of the first through-hole (A) on 
the opposite surface side from outside, connection 
between the first through-hole (A) and the second 
channel (2A) is interrupted. 

23. The nucleic acid detecting cassette according to 
claim 16, wherein 

a step section for holding a reagent is provided in a 
wall surface of the first through-hole (A) of the am- 
plification chamber section or a saucer section is pro- 
vided in the first through-hole (A) thereof. 

24. The nucleic acid detecting cassette according to 
claim 16, wherein 

the plate-like member further includes a space (M) 
provided with an opening section in the front surface 
or the opposite surface, a second through-hole (M), 
a first groove (M1)formed inthefrontsurface, afirst 
groove (M2) formed in the front surface, and a sec- 
ond groove (M) provided in the opposite surface, 
the nucleic acid detecting cassette includes 
a sample holding chamber section which is defined 
when at least the opening section of the space (M) 
is closed bythe first sheet-like memberorthe second 
sheet-like member, communicates with the amplifi- 
cation chamber section and the detection section, 
into which the nucleic acid sample flows from the 
amplification chamber, and which holds the nucleic 
acid sample therein, 



a first channel (1 M1 ) defined when the first groove 
(M1) is covered with the first sheet-like member, 
a first channel (1 M2) defined when the first groove 
(M2) is covered with the first sheet-like member, 
5 a second channel (2M) defined when the second 
groove (M) is covered with the second sheet-like 
member, and 

a third channel (3M) defined when the second 
through-hole (M) is covered with the first sheet-like 

to member and the second sheet-like member, 

the pump section, the sample chamber section, the 
amplification chamber section, the sample holding 
chamber section, and the detection section commu- 
nicate with each other in a circular form, 

15 the third channel (3M) is connected to the second 
channel (2M), 

thefirstchannel(1M2) isconnectedtothethirdchan- 
nel (3M), 

the nucleic acid sample flows intothesample holding 
20 chamber section through the first chan nel (1 M 1 ), that 
is, the nucleic acid sample flows into the sample hold- 
ing chamber section together with the air pressure 
supplied from the pump section, and the airpressure 
supplied from the pump section is applied to the sam- 
25 pleholdingchambersectionthroughthefirstchannel 
(1 M1 ), whereby the nucleic acid sample held in the 
sample holding chamber section is discharged 
through the second channel (2M), the third channel 
(3M), and the first channel (1 M2). 

30 

25. The nucleic acid detecting cassette according to 
claim 24, wherein 

at least one of the first channel (1M1), the second 
channel (2M), and the first channel (1M2) is hydro- 
35 phobic. 

26. The nucleic acid detecting cassette according to 
claim 24, wherein a cross-sectional area of the first 
through-hole (M) is largerthan a channel cross-sec- 

io tional area of each of the first channel (1M1), the 
second channel (2M), the third channel (3M), and 
the first channel (1M2). 

27. The nucleic acid detecting cassette according to 
45 claim 26, wherein 

a cross-sectional area of a part of the third channel 
(3M) connected to the first channel (1M2) is larger 
than a part of the third channel (3M) connected to 
the second channel (2M). 

50 

28. The nucleic acid detecting cassette according to 
claim 24, wherein 

the plate-like member includes a first groove (M3) 
formed in the front surface, 
55 the nucleic acid detecting cassette includes 

a first channel (1 M3) defined when the first groove 
(M3) is covered with thefirst sheet-like member, and 
connected to the return channel and the sample 
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holding chamber section, and 
a valve section (M) for switching between opening 
and closing of a part between the sample holding 
chamber section and the return channel, 
when the valve section (M) is opened, and the valve 
section (A) and the valve section (D) are closed, the 
nucleic acid sample flows into the sample holding 
chamber through the first channel (1 M1) together 
with the air pressure supplied from the pump section, 
and the air pressure is returned to the pump section 
, through the first channel (1M3) and the return chan- 
nel, and 

when the valve section (M) and the valve section (A) 
are closed and the valve section (D) is opened, the 
air pressure supplied from the pump section is ap- 
plied to the sample holding chamber section through 
the first channel (1M1), whereby the nucleic acid 
sample is discharged through the second channel 
(2M), the third channel (3M), and the first channel 
(1M2).. 

29. The nucleic acid detecting cassette according to 
claim 24, wherein 

a step section for holding a reagent is provided in a 
wall surface of the first through-hole (M) or a saucer 
section is provided in the first through-hole (M). 

30. A nucleic acid detecting apparatus into which the 
nucleic acid detecting cassette according to claim 1 
is inserted when the apparatus is used, comprising: 

a first valve mechanism which interrupts con- 
nection between a first through-hole (S) and a 
first channel (1 S1 ) by heating a sample chamber 
section, and pressing a first sheet-like member 
against an opening section of the first through- 
hole (S) on the front surface side, and interrupts 
connection between the first through-hole (S) 
and asecond channel (2S) by pressing a second 
sheet-like member against an opening section 
of the first through-hole (S) on the opposite sur- 
face side; and 

a pump mechanism which applies pressing 
force to the pump section to thereby give a pump 
function thereto. 

31. A nucleic acid detecting apparatus into which the 
nucleic acid detecting cassette according to claim 

. 1 6 is inserted when the: apparatus is used, compris- 
ing: ' , 

a first valve mechanism which interrupts con- 
nection between a first through-hole (A) and a 
first channel (1 A1) by heating an amplification 
chamber section, and pressing a first sheet-like 
member against an opening section of the first 
through-hole (A) on the front surface side, and 
interrupts connection between the first through- 



hole (A) and a second channel (2A) by pressing 
asecond sheet-like member against an opening 
section of the first through-hole (A) on the op- 
posite surface side; and 
5 a pump mechanism which applies pressing 

force to the pump section to thereby give a pump 
function thereto. 



w 



15 



20 



25 



30 



35 



40 



45 



50 



34 



BNSDOCID: <EP 2071026A1_L> 



EP 2 071 026 A1 




FIG.1 



BNSDOCID: <EP 2071026A1_I_> 



35 



EP 2 071 026 A1 



18 I7f 




18 17e 17f 



FIG.3 



36 



BNSDOCID: <EP 2071026A1J_> 



EP 2 071 026 A1 




37 

BNSDOCID: <EP 2071026A1_I_> 



EP 2 071 026 A1 




BNSDOCID: <EP^ 2071O26A1_l_> 



38 



EP 2 071 026 A1 




39 

BNSDOCID: <EP 2071026A1J_> 



EP 2 071 026 A1 




FIG.7A 




FIG.7B 




FIG.7C 



40 

BNSDOCID: <EP 2071026A1_L> 



EP 2 071 026 A1 




BNSDOCID: <EP 2071026A1J_> 



EP 2 071 026 A1 




BNSDOCID: <EP 2071026A1 . 1 > 



42 



EP 2 071 026 A1 




BNSDOCID: <EP 2071026A1_L> 



43 




44 

BNSDOCID: <EP 2071026A1_I_> 



EP 2 071 026 A1 




CO 
CD 



E 

— i - — 

ctS -rr 



CM 
O 



cz 
o 

"o 

co 



CD 





c; 




o 


<d 






co 




CO 


CD 

a. 




E 




(52 


CO 



o 

LL. 





C5> 








ctin 




1 Q. 1 








CD 






:tion 


del 




' ^ 


CD 






■ o 


CO 








CO 






£Z 




CD 




.O 


o 


s=s 




"cj 


"a> 


CD 

C/5 




CD 


o 


CO 




15 




CO 
CJ 




a 









45 



BNSQOCID: <EP 



_2071026A1J_> 



EP 2 071 026 A1 



co 



CO 



CO 
CO 
CO 



<2> 
CO 



CM 
CO 



co 



co 

CO 



co 

■"3- 

co 



CO 
-Q 

£ 

CO 



CD 

E 

CO 

to 

T 
cd 

JC2 

e 

CCS 

_c= 



CO 
_o 

"cL 
E 
as 

tr 

"as 
cd 

o 



a> 



CO 



CO 



to 
co 



CD 
LO 
CD 



CD 

E 

CO 

o 



co 
o 

O 



CD 

is 



o 

re: 
i — 
o 
c 

o 

>, 

"53 
O 



T3 



CO 



CD 



_2 
o 

CO 
C3 

3: 



CD 

O 



o 
T 

o 



o 
"S 

CD 

d 

o 
>1 
S3 

"53 



□c 



O 

O 



CO 
CJ 

"cr 

CD 

cm 



•+— » 

CO 
CO 



o 

1 

CD 
CT> 
C5 

CD 

CO 
CO 



CD 
CL 
O 



CD 



CD 

o> 

CO 

CX! 
CT 

CO 

o 
-S 



CO 



CO 

) 

-L 



-3- 

CO 



CO 
CO 



CO 
CO 



J L 



CD 

E 



CP 

E 

CO 

CO 



CO 

o 



CD 
CO 

o 

o 



E 

CO 



CD 

Q_ 

E 

CO 

CO 

p 

CD 

o_ 

1 

CO 

t3 

CD 



CD 
_Q 

E 
co 



E 

CO 
CO 



CD 
>• 
O 

o 

CD 
o 

_C0 

CL. 



CD 

E 

CO 

_cz 
o 

CD 



CD 



CO 

o 



CD 

E 

res 

CD 



o 



2? 
"53 

CD 

E 

.CD 



CD 
CM 
CO 



CD 



CO 



CD 



CO 

CO 



CO 
CD 
£Z 
d 
CO 



E 
o 



d 
CO 

a 

CD 

o_ 
O 



CM 
CM 
CO 



CD 



CO 
O 



o 



E 
cd 



CD 

CO 



E 

p 

o 



e 
o 



CM 

co 



CD 

E 
co 



CO 

T 



CO 

o 

CD 
CL. 

E 

CD 



o 

CO 

CD 

Q- 

o 
Er- 

CD 

"cd 
Q 



CO 


CO 


CD 


CM 


CM 


CM 


CO 


CO 


co 

/ 


CO 

} 


CO 


CO 

f 
















CD 








a) 






_Q 














E 








E 






CO 








CO 














XT 






o 








O 






c: 












CD 




c 




d 






o 




CD 




.O 




am 






E 

CO 




"cS 




I 






_o 




o 






CD 




















c: 


E 




o> 




E 




o 


CO 




c: 




CO 




CO 


o 








_o 




o 


els 




~c5_ 

E 

CO 




gls 




"S. 

E 


nn 


>- 




in 




CO 


CO 








CO 




















"o 

E 
o 




contr 




0 LLC 




vent 


ott 




a> 




o 




CO 






ZS 










•o 




CO 








CD 
CO 


a 




CD 




cr 




O 


co 




Q- 




co 




O 


o_ 




E 




o. 




43 








_o 




















a> 








£= 






CO 








CD 






o 








Q. 






o 








o 







46 



EP 2 071 026 A1 




47 

BNSDOCID: <EP 2071026A1„L> 



EP 2 071 026 A1 



,110 ,112 




\ 




FIG.17B 



110 



112 



114 



/T7V 



121 ^2 116 



FIG.17C 




FIG.17D 



110 



112 



114 
120 J 



Z. 



3-2 



121 ^ 116 



FIG.17G 



i — *-A 




FIG.17H 



48 



BNSDOCID: <EP 2071026A1_I_> 



EP 2 071 026 A1 



110 

/ 



121 



110 



121 
^-1 



FIG.17E 



FIG.17F 



110 




1 



121 



110 

i 



l 



121 




FIG.17I 



FIG.17J 



110 



112 

( 



128 




Reagent 116 

FIG. 18 



49 



EP 2 071 026 A1 



110 



112 



Inflow of solution 130 



Liquid ieve! AH^ 
114' 



1 L 



120 



ft 




t 



116 



201 

FIG.19A 



Inflow of solution 130 



Liquid level AH^ 
114- 



110 

t 

\ 1 ? 2 



112 

[ 



\7 



121 



1} 



t 



116 



201 

FIG.19B 



Inflow of solution 130 c 



Liquid level AH^Q 1 
114 




201 

FIG.19C 



50 



BNSDOCID: <EP 2071026A1_L> 



EP 2 071 026 A1 




-1 



114 



132 \ 
110 



F I G. 2 



\ 

112 



114 132 



fc=2x 



FIG.20B 



114 134 



FIG.20C 



BNSDOCID: <EP 2071026A1..I_> 



51 



EP 2 071 026 A1 



FIG. 21 A 




BNSDOCID: <EP 2071026A1J_> 



52 



EP 2 071 026 A1 



-X — (sV 

(b) ;r 



FIG.22A 



— ^^^^ — 



I — (?) — M- 



FIG.22B 




(B1)223 211 2 1 7 (B2)224 
(P) i S J^'^^ i S (d) 




2B 




(B)221 



FIG.22D 



53 



EP 2 071 026 A1 




F I G. 2 3 B 



BNSDOCID: <EP 2071026A1_I_> 



54 



EP 2 071 026 A1 




FIG.24B 



BNSDOCiD: <EP 2071026A1J_> 



55 



EP 2 071 026 A1 



Confluence point (A) 




FIG.25B 



(A3)258 




Confluence 
point (A) 



FIG.25C 



56 



BNSDOCID: <EP 2071026A1J_> 



EP 2 071 026 A1 



Confluence point (A) Confluence point (M) 





▼ 
A 



(A) 



(M) 



* — o — o 

FIG.26A 



(A) 



1A2-1M1 0fi , , k 




' (M)265 ! 3M 2 8 
267 2M 

FIG.26B 



£>(D) 



1M1 



2S6 



917 ) 1M3 

v (M1J263 ^ ' f I (M3)268 




(M) 

/'/A i 



(M)261 J, 
267 




jv Confluence 
^ point (M) 



FIG.26C 



57 



EP 2 071 026 A1 





BNSDOCID:<EP _2071026A1_L> 



EP 2 071 026 A1 




FIG.29 



59 



BNSDOCID: <EP 2071026A1J„> 



EP 2 071 026 A1 



(DD302 (D2)303 




^> (P) direction 



Temperature control unit 



FIG.30 




BNSDOCID: <EP 2071026A1_I_> 



60 



EP 2 071 026 A1 




FIG.33 




61 

BNSDOCID: <EP 2071026A1_I_> 



EP 2 071 026 A1 




218 2A 



FIG.35B 



BNSDOOID: <EP 2071026A1_I_> 



62 



EP 2 071 026 A1 





63 

BNSDOCID: <EP 2071026A1_I_> 



EP 2 071 026 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2008/055134 



A. CLASSIFICATION OF SUBJECT MATTER 
C12N15/09{2006 . 01) i , C12M1/00 (2006 . 01) i. 



C12Q1/68 (2 006 . 01) i 



According to International Patent Classification (IPC) or to both national classification and IPf 



B. FIELDS SEARCHED 

Minimum documentation searched i classification svstciu followed by classification symbols') 
C12N15/09, C12M1/00, C12Q1/68 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Kdho 1922-1996 Jitsuyo Shinan Toroku Kbho 1996-2008 

Kokai Jitsuyo Shinan Koho 1971-2008 Toroku Jitsuyo Shinan Koho 1994-2008 

Electronic data base consulted during the international search ( name of data base and. where practicable, search terms used) 
BIOSIS/WPI (DIALOG) , JSTPlus ( JDreamll) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


P, A 


WO 2007/111274 Al (Toshiba Corp.), 
04 October, 2007 (04.10.07), 
(Family: none) 


1-31 


A 


JP 2006-262788 A (Toshiba Tec Corp.), 
05 October, 2006 (05.10.06), 
(Family: none) 


1-31 


A 


JP 2006-262787 A (Toshiba Tec Corp.), 
05 October, 2006 (05.10.06), 
(Family: none) 


1-31 


A 


JP 2005-261298 A (Toshiba Corp.), 
29 September, 2005 (29.09.05), 
& US 2006/0216812 Al 


1-31 



I x I Further documents are listed ia the continuation of Box C. See patent ftmiily annex. 



Special categories of cited documents: 

document defining Ills; gtJiier.il slate of (he ;irl which is nol considered (o 
be of particular relevance 

earlier application or priteuf bur published on or after the international tiling 
date 

document which may throw doubts on priority daunts) or which is 
cited lo establish the publication dale of another citation or other 
special reason (as specified) 

document referring to ;m oml disclosure, use, exhibition or of her means 

document published prior to the international filing date but later than (he 
priority dale claimed 



"T" later document published afier the international filing date or priority 
date and not in conflict with the application bur cited to understand 
the principle or theory underlying the invention 

"X ' document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to invol ve an inventive 
step when the document is taken alone 

"V document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, sueh combination 
being obvious tc a person skilled in the art 

"A" document member of the same patent family 



Date of the actual completion of the international acarch 
30 May, 2008 (30. 05.08) 


Date of mailing of the international search report 
17 June, 2008 (17.06. 08) 


Name arid mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No 


Authorized officer 
Telenhone No. 



Form PCTTSA/210 (second sheet) (April 2007) 



64 



BNSDOCID: <EP_ 



2071026A1J_> 



EP 2 071 026 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2008/055134 



C (Continuation). DOCUMRNTS CONSTDRRFD TO RF RF.T.RVANT 



Categoiy* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



A 



JP 2005-176836 A (Toshiba Tec Corp.), 
07 July, 2005 (07.07.05), 

& US 2005/0153430 Al & EP 1591163 A2 

&. OJ 1661096 A S. KR 2005/052399 A 

& US 7135330 B2 & KR 647117 Bl 

JP 2005-323519 A (Konica Minolta Sensing, 
Inc . ) , 

24 November, 2005 (24.11.05), 
& US 2005/0255007 Al 

JP 2003-517591 A (Motorola, Inc.), 
27 May, 2003 (27 . 05 . 03) , 
& WO 2001/041931 A2 
& EP 1237655 A2 
& US 6544734 Bl 
& US 2004/0043479 Al 



1-31 



1-31 



1-31 



& AU 2001/20827 A 
& US 6527890 Bl 
& US 6642046 Bl 
& US 2004/0137605 Al 



Form PCT/ISA/210 (continuation of second short) (April 2007) 



65 



BNSDOCID: <EP 2071026A1_I_> 



EP 2 071 026 A1 



REFERENCES CITED IN THE DESCRIPTION 



This list of references cited by the applicant is for the reader's convenience only. It does not form part of the European 
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be 
excluded and the EPO disclaims all liability in this regard. 



Patent documents cited in the description 

• JPH03007571 A [0007] [0007] • US P5972692 A [0177] 

• JP 005261298 A [0009] • J P 2002223393 A [01 78] 

• J P 2573443 B [0176] [0177] • J P 2003200440 A [0178] 

• USP5776672A[0177] 



66 



BNSDOCID: <EP _.2071026AU_> 



